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PREFACE. 


TAVIN G read oF conſidered the De- 
ſign of the ſeveral Books hitherto pub- 
liſhed, for the Explanation, of the NEwTo0- 
NIAN e under the Titles of 
a 1 r/es, Eich, Fade 
teme, &., I. 'obſerved not one of them all 
could be juſtly eſteemed a. TavE, SYSTEM, 
or Co Bopx of this Science, : 
ſi WOULD not here be underſtood to. þ <A 
any, Doſign, of , depreciating che habours of 
thole Gentlemen who have gone: before me 
on this Subject; L only would intimate that 
their Views and Deſigns were yery dif- 
ferent, from mine, Which is to preſent the 
World with a PHxSICo-MATHEMATICAL 
TREASURY of NATURAL KNOWLEDGE, 
upon the Principles of. the Næutanian Phile= 
Jephy.; which I have been chiefly enabled w 
effect from the Abundance. of Materials ſup- 
plied by the Authors of the Treatiſes in the 
following Catalogue: each-of Mhieh js excel- 
lently good in his Wax. 
80 that if the Calenbe trithyt M my 
Book may be looked upon as a Grnerul Com- 
bendium or ee of all theirs Fab: as 
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P R E F ACE. 
they have all lain before me, I have cons 


ſtantly collated them--upon-every; particular 
Subject, as I proceeded through the Work, 


and ſelected the beſt of every Thing I. cou | 


find for my own Compoſition.” ; 

HENCE it is, chat where ſome of then 
have been very Prolix, my Labour has been 
to abridge or reduce them to a Compendiu 
of Principles and Eſſential Propoſitions only. 
Thus Keill on the Sub ject of Motion and 
Aftronomy, NM. Gee on Cobefion, Sir 
LJaac Necoton on Optics, Ec. have all = 
treated. e 

As Redundancy | on the one Hand has bil 
avoided, fo their Deficiencies on the other 
Have been ſupplied. © Thus K?ilPs Introduc- 
tion to Philoſophy relates to the Mechanical 
Part only. Profeſſor Muſchenbroek has 
wholly omitted the grand Article of Afrono- 
my, and the Phyfical Canfes of the Celia 
Motions and Phanomena. Dr. Deagulier: 
has thought fit to omit the moſt eſſential Sci- 
enee of Optics, and is almoſt wholly taken 
up on Mechanical and Hydroſtatical * Sub- 
jects. Yea, the beſt and moſt general Writer 
S'Graveſande, in his laſt large Edition of his 
Elements, falls far ſhort of a general Syſtem 
or Body of Philgſophy, in various important 


Subjects, as will eaſily appear, by comparing 
his Table of Contents with mine. 
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PRE FA CE. 


I TAKE no notice of leſſer Tracts, ſince 
few of them pretend to any thing Syſtema- 
tically ; and they who do, propoſe it with 


reſtricted Views, either to the Theory only, 


or elſe to ſome principal Parts or Branches 
of the Science. Thus Wonſter's Principles 
of Philoſophy amount to little more than a Re- 
hearſal of T he/es,, with ſearce any Demonſtra- 
tions throughout. Helſbam's Lectures are 
admirably good as far as they go. And the 
Lectures, lately publiſhed by the Abbe Nollet, 
are but a Part of his Work, and are indeed 
excellent Philoſophical Sermons or Declama- 
tions, ow peers in ihe French dvr art | 
Tote * ; 

Bur his ane have 8 is not 0 


much che Deſign of this Preface to relate, as 


what I have done Myſelf in this Treatiſe, 
which I thall ae eker the Ne 
Heads. E , 

Fr RST, I have neared to compile'a 2 
Compleat Syſtem of Philoſophy, from the great 
Fund of Materials which the Writings and 
Inventions of the Moderns have ſupplied me 
with. Under this Head I have had regard 
only to the Choice. and Propriety of the Sub- 
jects; and their Order and a r or 

The Lord Roſcommon obſerves, Nt tie 

The weighty Bullion of one Sterling Line, * 
© Drawn to French Wire, would thro whole Poges ſbinc. 
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due Arrangement in che Body of this Work. | 


Hence it is that I have admitted nothing that 
is not of a ficaP Nature, and omitted no- 
thing that is ſo, as far as the Eimits of my 
preſcribed — me to go. Nor 
are theſe fo ſtrait as not to be comprehenfive 
or confiderable Phznomenon, as will eafily 
appear, from a View of the Contents and Index. 

SECONDLY, What has been wrote upon 


each Subject in every Part of the Science has 


been carefully examined, and ſuch an Extract 
made as was judged to give a ſufficient Idea 
or Notion thereof to the Reader. And where 
I thought a more extenſive View could be ef 
Service, I have conſtantly referred to the _ 
Authors on the Subject. 
THIRDLY, If from the Whole —— 


given by others, of any particular Branch 


of Science, I could not collect what ſuſficed 
for an entire Sketch, I have endeavoured! to 
ſupply thoſe Deficiencies, in order ta render 
every Part compleat; and fave! the Reader! 
the Trouble of turning to ſeverak Authors, 
for that Purpoſe. Remarkable: Inſtances! ot 
this may be found under the Articles f 


Wheel-Carriages, | Hydrdulits, Otis, & 


FoURTHLyY, If the Method of wo 


ing or demonſtrating any Subject or Propoſi- 
tion n has * 


0 n conciſe 
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PRE FA GE, 
conciſe or natural as was, neceſſary, I have 


propoſed it in my own Way, to anſwer. 
important End: For the greateſt Excellency, 


of a Demonſtration is Conciſeneſs and Perſpi- 


cuity. The Want of, this is a great Diſcau- 


ragement to Phyſical Enquiries, as I am. but 


too well convinced of by non Experience 
and that of many others. 

FiFTHLY, According to "the: "diffetent 
Nature of the Subject, a various Proceſs has 
been made uſe of to explain or illuſtrate the 
ſame. Thus ſome Things require a Phyſsal, 
others a Mecbanical, ſome a Geometrigal, and 
ſome. an Experimental, Progf, which have 
been accordingly applied, ſometimes ſingly, 
ſometimes two or more, and ſometimes alto» 
gether. Thus from Phenomena we inſtitute 
a Ratiocination' coneerning/ the Materiality, 
the Velocity, different Magnitudes, Colours, 
and other Affections of the Particles of Light. 
Then the Laws of Reflection and Refraction 
are explained by Mechanical Principles relat- 
ing to the Motion and Action of Bodies one 
upon another. Again, The Principles of 
Geometry are call'd in to explain and account 
for the Effects of Mirrours, Lenſes, Optic 
Inſtruments, the Rainbow, Cc. And, Laſtly, 


thoſe various Phænomena are repreſented, 
and the Manner how they Nb en 


by Experiments. 36 us 
1 81 xXTHL Ys 
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'$1xTHLY, I have all along applied the 
Newtonian Geometry, that is, the Fluxionary 
Calculus, for the Demonſtrations, / Which 1 
think is with the greateſt Propriety and Juſt- 
neſs in Phyſical Matters, becauſe the Prin- 
ciples of this Geometry are in themſelves 
ſtrictly Philoſophical, 'as T have ſhewn in its 
proper Place * Beſides, the Proceſs is not 
only rendered by this means much more 
congruous and natural, but more evident 
and conciſe than by the common Methods 
of Demonſtration it could be. Of this we 
have a ſignal Inſtance in the Calculation of 
the Angle, which the Ingident Ray makes 
with the laſt refracted Ray in a Drop of 
Water, as will appear by comparing What 
is here contained in Scholium to Annat. 
(XXIV. with what you adi on this Head 
in other Authors. | 

 SEVENTHLY, As the Bounds of this 
Science have been of late Years vaſtly ex- 
tended, ſo I have been very careful to-trea-. 
ſure up every uſeful Invention, and given a 


ſhort hiſtorical Account of the ſame, and 


the Names of the Authors. If in any of 
them I found an Improvement could be 
made, I have done it, as in the Air Pump, 


See Vol. I. of Mathematical InsTITuTtoNs, juſt 
now publiſhed in the GENERAL MacGAtins of ARTS 


and SCIRNCES, 
"the 
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the Microſcope, ” Sec. ot hinted it to the Rex. 


E1GHTHLY; I find by common — 
ence nothing tends more to the Conception 
and enlivening an Idea, and fixing it in tlie 
Memory, than a good Delineation of the 
Figure or Form thereof. Hence it is that 
the Reader will here find a greater Number 
of Copper-Plate Figures than in any other 


Treatiſe of this Kind, of its Size. And if I 


tell him they were alt done by the ingenious 
Mr. Bow N (GEOGRAPHER to his MAIRS- 
TY) it may likewife prepoſſeſs him in Favour 
of their Goodneſs ; which though an indirect. 
and collateral, is yet no inconſiderable Ar- 
gument to recommend a Book of this Kind. 
NI N THL, I have delivered the Whole 
by way of LECTUREs, and ANNOTATIONS 
thereto, - (a Method of late Years the moſt 
nſed and approved of) not only becauſe: 
the Reader is by this Means led through a 
SYSTEM of PHILOSOPHY, without being 
confined to the Irkſomeneſs of a preciſe and 
regular Path, and a ſimultaneous Proſpect 
or View of the Whole at once; but alſo be- 
cauſe that vaſt Variety of Things, which here 
preſent themſelves, may have the Pleaſure 
that attends Variety heightened and encreaſed 
by emerging freſh to his View as he paſſes 
along, and regaling him with ſomething 
124904 : 5 till 


PR E FA GE. 
ſtill novel and unexpected. Annatations ſeem 
to anſwer the End of Scenes in a Play ; ; they 
preſent the Whole moſt agreeably in Parts, 
which thus more immediately affects us, 
and gives us the greateſt. Pleaſure and Enter- 
tainment, 
Tuus much for the Occonomy. of the 
Work; and as it is manifeſtly calculated for 
x general Good, fo L believe none will find 
fault with the Deſign. As to the Manner 
of executing it, I have done it as well as I 
could; and if any one thinks me deficient in 
any thing, let him qualify his Criticiſm by 
conſidering that I pretend not to Infallibility, 
bat only where I give a plain and clear De- 
monſtration. In this, if I am not under= 
ſtood ſometimes, I am not perhaps to be 
blamed; for I'll appeal to Envy itſelf, if 
the Manner of the Demonſtration, where 
moſt difficult, bg not as plain and as obvious 
as the Nature of the Thing will admit. And 
here it will be proper to obſerve, that al- 
though I have made uſe of Geometry, Alge- 
bra, and Fluxians, to inveſtigate the Truth 
of all the principal Propofitions in Philoſo- 
phy, yet as I cannot ſuppoſe Readers in ge- 
neral qualified to underſtand it in that Man- 
ner, I have been careful to expteſs the 
Reſult of every Proceſs in plain Engliſb; ſo 
m * one may know what is the Truth, 
Pg | 
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thoug h he cannot be o properly 
heel. For Inſtances bf-what I now 
fpeak of, ſee the ſeveral Articles of Annota, 
XXVI, XXXVH, and XEVATE © "Lam 
TI Do nt uo that F have bait any 


n here, . which I have not one Way or 


another proved to be true; However, I de- 
fire that notfüng but what is demonſtrated 
may be accbunted to deſerve the Title 6f 
NEwroNMAN PirtLGSH e Our Great 
Author ſeeme quite averſe to Hypotheſes; 
and though He indul ged them 76 others Un- 
der proper Reſtrictions; yer did himſelf never 
make uſe of this /Matibus Way of Reaſoning, 
though he has been unjuſtly charged there- 


With by ſome, Who, by Natrol Ioftind, 


ſcorn to fubſeribe to an y Syſtem but of their 
own making. Hane it is we often hear 
them babbling about Nrtorpn'gs Hypotheſes, 
&. and making” unſuffcrable Compariſons 


between him and: Deſcartes” and Leibnitz. 


One would think they who Knew but little 
of Philoſophy would yet ſee no Reaſon'for a 
Parallel between a Spftern of Phitofophy that 
iS founded on nothing bot Demonſtration, 
and is Every Wa comportang* with Pheno- 
mina, and one that" is wholly 5yporhetical; 
_ inſtead — 5 8 for, runs counter 
thing I think it is 

nite Cory, not 5 lay — J- for a 
Man 
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Man to boaſt that his Philoſophy it nat that 
| of Newton , till he has firſt ſatisfied the 
World: his, Abilities and. Diſcernment into 
the Nature of Things are greater than thoſe 
of Sir Jſaac. This I am well aſſured of, 
that the greater Share of Mathemartcal 
Knowledge any Man has, the more readily 
he embraces Sir {/aac's Principles; and I 
ſcarce. ever found any that oppugn'd Sir 
Iſaac, but who. were either groſsly ignorant 
of what they deſpiſed, or were actuated. by 
ſome particular Views. In ſhort, nothing 
but Pride, Prejudice, and Ignorance, will 
ever ſtir up Enemies to the Newtonian Phi- 
Hb. 
| Try who R this Philoſophy. by 
the Term Hypotheſis, ſeem to me not to have 
read (at leaſt not conſidered) what Sir J/aac has 
wrote, when he tells us, © That in Experi- 
&« mental Philoſophy, Hypotheſes are not to 
ebe regarded. What I call ATTRACTION; 
«, may be performed by IMppLSE, or by 
« ſome OTHER MEANS, unknown to me. 
« I uſe that Word to ſignify only in general 
% ANY. FORCE by cobich Bodies tend towards. 
« one another, whatſoever be the Cauſe 7. fe 
After our da Author had thus ex- 


ih _ prefoly, 


| * SeothePrefacenf erm Ly dePlyjique. 
4, Or rics, Au, 31. See, alſo che Y pon of f his, | 


Principia. 
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sly diſclaimed all Hypothefes, ant fo 
fully explained his Sentiments about the 


Power which he calls A*tra#ion, is it not 
very wonderful to hear a Set of People 


charging him with founding his Philoſophy an 


the Hypothefis of Gravity? Will theſe very 
ſagacious Gentlemen allow any Power at all 


Is concerned in the Tendency of one Body to 
another? If they do, is it not becauſe it is 
impoſſible to conſider Bodies "ating at a 
Diſtance upon each other without? If ſo, is 
not the Exiſtence of ſuch à POW a Reality 
in Nature? And can ſuch a Force then 
de called an Hypothefr? Surely not. Again, 
their accuſing Sir Taac for Lat for 
Things by Attraction, is' meer cavilling about 
Words, and - begging him guilty; he de- 
clares he knows not An Manner ih which 
the Force acts, whether by Attructun or 
Impulſion, or other wiſe; but as ſome Name 
muſt be given it, / may not he call it 
by that of Attraction or Cr; as well as 
by any other? Not that this great Man did 
even this without a Reaſon; for tis evident 
from a thouſand Experiments and Phzn6- 
mena; that this is much more like the Ef- 
fect of one Bodyis drawing than  impelling 
another towards it. wh x 
Bor ſo far is Sir I/aac bein nee thi 
Bodies W to each other by ATTRACTION, 
that 
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that he onge condeſcended, to form an H 
pothy/is to ſhew that it might be done by 
IuruLs log; and that af, a very ſubtle Haſtice 
Spirit or Æihor., But as he;yras not able th 
prove the Exiſtence. of anyſuch Thing, he 


ſeemed not at all delighted yrith the. Thougbt, 


nor exer Jan any Streſs. upon its: and acgord- 
ingly we have not admitted it as. a Principle 
of the Newtaun:;Philolgphy;; Beſides, ſup- 
poſe this could be proyeds, we thould.;Rill 
be at a laſs. to;account. fox · che material Gauſe 
of this very, great Haſtie Power between the 
Particles of this Æther; we ſhould; jndeed 
advance 4hree;.or, four Steps higher on the 
infinite Ladder, but ſhould be agually; nen- 
lui d with the mechanical Cauſe of Elaſtiriry 
then, as g are at preſent with that of Gro 
uity.. But after all, tis evident by Experi- 
ments that this, Power which aQuates Bodies, 
whatever it be, is not either Al tractiue or 
Naepuſſiue ſolely ;. but it produces bath che 
different indifferent Circumſtanced of 
Diſtances... Thus, the Loadſtone at one Dif- 
tance moves the Needle reward. igelfr at 
_another;Niſtance it cauſes it o necede or note 
the contrary May. This Power in Irene 
attractive, if, touched upon the Stone in one 
Direction; but if in a conttary it becomes 
repulſive. The lame. ambiguous Properties 
5 this Power obtain in E/eciricrty, and um- 
doubtedly 
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doubtedly in all other Sorts of Attractions. 
Therefore, before we ſet ourſelves about 
finding out a Power, Spirit, or tber, that 
ſhall move Bodies either by Artructia or 
Repulſion, it is in the firſt Place neceſſaty to 
find out an Agent that ſhall do both, for 
ſuch a Principle is at preſent the Mgfueratum 
to our further Advances in the; Refearch- of 
natural Cauſes, 209 ane e ier“ 
Ix is ſometimes Gina. to obſerve, 
how very fond People ſeem! of this Jiubthe 
Arber; one accounts for the Cauſe of Brau- 
vity thereby, another for Muſcular: Mean, 
a third for Eleciricity, a fourth from hence 
derives Animal Spirits, a fifth Elememtamy 
Fire: And, in ſhort, we: want nothing but 
the Proof of ſuch an Aither to accbunt for 
almoſt PTY by it. But is it not a 
Proceeding to account for any 
Thing by a Principle 8 1 We 8 
and utterly unknown? 77 ig „eis 
HowzE VER, we are — 15 at ges- 
eetity ſince Sir Jſaac's Time for we can now 
almoſt prove the Exiſtence of this Muber by 
the Phænomena of Electricity; and then we 
ſind it very eaſy to prove that Electricity is 
nothing but this very ther condenſed and 
made to ſhine. | But, I believe, when we 
enquire into the Nature and Properties of 
** Ether and Electricity, we ſhall find 


them 


F; 9. ; 
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them ſo very different and diſſimilar, that 
we cannot eaſily conceive how they ſhould 
thus mutually: prove each other. For ' ac» 


_ cording to Sir Iſaac, this Ether is the moſt | 
ſubtle of all Bodies, and conſiſts of Particles 
{of courſe) very much ſmaller than thoſe 

of Light, and which have a much greater 
Velocity; this Ether therefore pervades , 
with the greateſt Freedom all Bodies, actu- 
ates their Parts, C But on the other hand, 


we find by iments that the Fire cr 
Electricity is a very groſs Subſtance; for it 


daſhes againſt the Surface of Glaſs like ſo 


much Water, and does not enter the Pores, 
as Light does, that is ſo much groſſer than 


Ether. This is till made more pla and 


demonſtrable by electrifying a Wire in an 


exhauſted Receiver, where the Electricity 


iſſues out in much greater Abundance, and 
in divers Jets, - ſtriking againſt the Sides of 
the Glaſs, and appearing to run down by 
the Sides in all reſpects like Liquid » Phoſe 
plunut; and is no ways reflected or refracted 
like common Light, or even like the Light 
of a Gandle: For if a Candle be viewed 
through a Priſm, the Light coming from 
every Part thereof is refracted; and the 
whole Flame is coloured and diſtorted; 
but it is quite otherwiſe with the: Flame of 
3 Fire, for I often made that much 
#3 | larger 
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larger than the Flame of a Candle, and 
viewed It through the Priſm, but no Co- 
lours were thereby produeed, no different 
Form of Flame, but every way the ſame 
as it appears to the naked Eye. Indeed the 
denſer Part, juſt upon the Tip of the Iron 
whence the Blaze diverged, appeared a lit- 
tle tinged with Colours; which I take to 
proceed from ſome common Solar Light 
intermixed with that of Electricity. From 
hence (and for many other Reaſons I could 
name) I ſee no Cauſe to believe that the 
Matter of Electricity is any thing like the 
Idea we ought to have of the Spiritus ſubtiliſ— 


mus of Sir Tſaac. ' Nor indeed can it be the 


ſame with the Matter of common Light, 
which is differently reflexible and refrangi- 
ble; whereas this appears not to be ſo, but 
is a particular Sort of Light, and nearly the 
ſame as Phoſphorus, ' which I could never 
obſerve to exhibit the leaſt Appearance of 
Colours through the Priſm. The Smell alſo 
of Electrical Fire is ſo very much like that of 
Phoſphorus, that one may be eaſily induced 
to believe a great Part of che Compoſition of 
both is the ſame, - 

As to the Doctrine of ELEMENTS py 
Elementary Fire, we leave that to others, 
and expatiate only on the noble Theory of 
Light and Fire left us by our incomparable: 

Vol. I. og Author, 


PREFACE. 


885 Author, who jultly conſiders them as they 
are in Nature, illuſtrates all their Properties 
and Qualities, and applies them to the 


Explication of a great Number of the moſt 
intereſting and important Phenomena of 
Nature. The Newtonian Doctrine of Ele, 
ments is of the Singular Number: One Sort 
of Matter only makes the Subſtance bf all 
the infinite Variety of Bodies we behold, 
Thus our Author ſpeaks : „It ſeems pro- 
« -bable to me, That Gon in the Beginning 
formed Matter in ſolid, maſſy, hard, im- 
« penetrable, moveable Particles, of -ſuch 
„Sizes and Figures, and with ſuch other 
Properties, and in ſuch Proportion to 
«© Space, as moſt conduced to the End for 
„ which he formed them. Now by Vir- 
tue of certain active Principles or. Powers, 
4 all material Things ſeem to have heen 
*« compoſed of the above-mentioned Par- 
« ticles, variouſly aſſociated in the firſt 


4 Creation, by the Counſel of an dren, 


„% Agent. 
To conclude : It was an Oblorration wor- 


thy of ſo great a Genius as Mr. Cotes, that 
the Newtonian Philoſophy was our / mutiniſi- 
mum præſidium adverſus At beorum mpetus } 
beſt Defence againſt the Efforts and Aſſaults 
of Atheiſts.— That herein we more nearly 
view the Majeſty of Nature, and enjoy it 
gs | | 4 4 12 
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in the moſt grateful Contemplation ; at > 
ſame time we are excited more intenſely to 
worſhip and revere the Ck EATOR and 
Lok n of all Things. He ought to be te- 
_ puted , Blind, who cannot immediately behold, 
in the beſt and wiſeſt Structures of Things, 


the infinite. Goodneſs. and Wiſdom of the 


omar Architect; ; and mad, who will 
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Exp IMEN TAL Putuodoþry ingeneral; 

| OftheNewToxNLaxnMETHoDerdRULEsS: 

| of Phulaſophizing. Qf MATTER, n gene- 8 
ral, and its eſſential Properties, i Of the: | 
CHEMICAL ELEMENTS or PRINCIPLES of | 
Natural Bodies. Of ATTRACTION and El 

Rxruls ox. 7e Attraction Fa Cone 
s1oN. Of the Contsion of various Sorts... 
of Bodies. The Phenomena of CAPtLLARY | 
Tunes. Of a Vacvun. The. Rationale 
of various Proceſſes of CHEMISTRY, and 

other Arts, Of the principal Properties of. | 

ELECTRICAL Attraction and Repulſion. 
O MAGNETISM and its Laws; of the ba- 
rious Properties of the MAGNET in relation. | 
to the Needle ; its Va RIATION Err INGLI- 
NATION, . —— 


| TE Baſinefs of 0 5 
loſophy (the Subject of this Courſe 

of Lectures] is to enquire into aud 
inveſtigate the Reaſon, and Cauſes of the 
various Appearances (or * Phanomena 7 of. 
Nature; and to make the Truth or Proba- 
bility thereof obvious and evident to the 
Vor. I. B ven, 


* 


ö 0 Of the Properties of hm 

| Senſes, by plain, undeniable, and adequate 
=_ ' Experiments, repreſenting the feveral Parts 

| of the grand Machinery and Agency of Na- 
ture. 

Ix our Enquiries into Nature we are to 
be conducted by thoſe Rules and Maxime 
which are found to be genuine, and conſo- 
nant to a juſt Method of Phyſical Reaſon- 
ing; and theſe Rules of Philoſophizing ate, 
by the greateſt Maſter in this Science, (the 
incomparable Sir Tſaac Newton} reckon'd 
Four ; which I ſhall give, from his Prick- 
Pia, as follows: 


S 
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RULE I. More Cans of es Ties 
| are not to be admitted, than are both true and 
| | ſufficient to explain the Pbænomena. For Na- 
i ture does nothing in vain, but is ſimple, 


and delights not in fuperfluous Cauſes of 
Things. 

RULE II. And therefore of natural Ey 
fetts of the ſame Kind the ſame Cauſes are to be 
aſſigned as far as it can be done. As of Re- 
fpiration in Man and Beaſts : Of the De- 

| ſcent of Stones in Europe and America : Of 

Light in a culinary Fire and in the Sun: 
And of the Reflection of Light ii in the Earth 
and in the Planets, 
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RULE III. The Qualities of ee B. 
dies * cannot be increaſed or diminiſhed; | 
and 


of the Properties of Bontss, 


and agree to' all Bodies in which Experiments 
can be made, are to be reckoned as the Qualities 
of all Bodies whatſoever, Thus, becauſe Ex- 
tenſion, Diviſibility, Hardneſs, Impenetra- 
bility, Mobility, the Y; is Inertiæ, and Gra- 
vity, are found in all Bodies which fall un- 
der our Cognizance or Inſpection, we may 
juſtly conelude they belong to all Bodies 
whatſoever ; and are therefore to be eſteem- 
ed the Original and univerſal Properties of 
all natural Bodies. 

RULE IV. In Experimental. Philoſophy, 
Propoſitions cullected from the Phenomena by 
Induttion are to be deemed (notwithſtanding 
contrary Hypotheſes} either exattly or very 
nearly true, till other Phenomena occur by 
which they may be rendered either more arcu- 
rate, or hable to Exception. This ought to 
be done, left Arguments of Induction ould 
be deftroyed by Hypotheſes. 


Ir menrding to theſe Rules we take a 
Survey of the viſible World, and ftrialy 
examine the Nature of particular Bodies, 
we ſhall find Reaſon to conclude, that they _ 
all conſiſt of one and the ſame Sort of Matter: 
or Subſtance ; and that all the Diverſity or 
Difference we obſerve among them ariſes 
only from che various Modifications and 
B 2 x dif- 


O the Properties of Bopizs. 


different Connection or Adheſion of the 
ſame primigenial Particles of Matter (I). 


MATTER, . 


(1) Theſe four Rules of Philoſophizing are premiſed 
by Sir Iſaac Newton to his third Book of the Principia 
and more particularly explained by him in his "oy 
where he exhibits the Method of proceeding in Philoſo- 
phy in the following Words 2 
1. As in Mathematics, ſo in Natural Philoſophy, 


the Inveſtigation of difficult Things by Way of Analy/er, 
_ ought always to precede the Method of Compoſition, This 


Analyſis conſiſts in making Experiments and Obſervati- 
ons, 'and in drawing general Conclufions from them' by 
InduQion (i. e. Reaſoning from the Analogy of Things 
by natural Conſequence) and admitting no Objections 
againſt the Concluſions but what are taken from i 
ments, or other certain Truths. And altho* the arguing 
from Experiments and Obſervation by Induction be no 
Demonſtration of general Concluſions; yet it is the beſt 
Way of arguing which the Nature of Things admits of, 
and may be looked upon as ſo much the ſtronger by how 
much the Induction is more general. And if no Ezecpo 
tion occur from Phænomena, the Concluſion may be pro- 
nounced generally. But if at any Time afterwards, any 
Exceptions ſhall occur from Experiments, it may then 
be pronounced with ſuch Exceptions. By this Way of 
Analyſis we may proceed from Compounds to Ingredients, 
and from Motions to the Cauſes producing them; and 
in general from Effects to their Cauſes; and from par- 
ticular Cauſes to more general ones, till the Argument 
ends in the moſt general. This is the Method of Ana- 
lyſis. And that of Syntheſ (or Compoſition) conſiſts in 
aſſuming Cauſes diſcovered and eſtabliſhed as Principles, 
and by them wr vu Fa Phenomena proceeding from 
them, and proving the Explanations. -* © 

2. That Matter or Subſtance is one and the ſame in all 
Bodies, and that all the Variety we obſerve ariſes from 
the various Forms and Shapes which it puts on, is, I 
think, very probable, and may be concluded from a ge« 
neral Obſervation of the Procedure of Nature in the Ge- 


1 


neration and Deſtruction of Bodies. Thus, for Inſtance, 


Water 
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Of the Properties of Bop1zs. 
MATTER, thus variouſly modified and 
configurated, conſtitutes an infinite Variety 


Water rarified by Heat, beben V, great Collec- 


tions of Vapours form Clouds; theſe condenſed deſcend 
in Form of Rain or Hail; Part of this collected on the 
Earth conſtitutes Rivers; another Part mixing with the 


Earth enters into the Roots of Plants, and ſupplies Mat- 


ter to, and expends itſelf into various Species of Vege- 
tables, In each Vegetable it appears in one Shape in the 
Root, another in the Stalt, another in the Flowers, an- 
other in the Seeds, &c. From hence various Bodies pro- 
ceed; from the Oak, Houſes, Ships, &c. from Hemp 
and Flax, we have Thread; from thence our various 
Kinds of Linen; from thence Garments; theſe degene- 
rate into Rags, which receive,” from the Mill, the va- 
rious Forms of Paper; hence our Boats; 2 Fire 
are converted partly into Water, partly into Oil, an- 
other Part into Air, a fourth Part into Salt, and a fiſth 
into Earth; which are called the Elements of Bodies, 
and which mix*d with common Earth, are again reſuſ- 


<itated in various Forms of Bodies. 


3. The ELemenTs, or Principles to which all Bo- 
dies are ultimately reduced, are the five above mention 
ed, wz. (1.) WATER, or Phlegm (as tis call'd) which 
s of a Plant in a Retort by Fire. (2.) Arr, which 
eſcapes unſeen in great Quantities from all Bodies; and 
tho” it has not till lately been known to make a Part of 
natural Bodies in a fix'd State (and therefore never taken 
Notice of as an Element of natural Bodies) yet that it is 
ſo in a very remarkable Degree, (even ſo far as to make 
half the Subſtance of ſome Bodies) I ſhall give ſufficient 
Proof when I come to treat of artificial or factitious Air; 

JO, which appears ſwimming on the Top of the 

ater. (4.) SALT, which is either Volatile, or riſes in 
the Still, as that of Animal Subſtances; or Fix d, as in 
Vegetables, and which is extracted by diſſolving them in 
Water from a Lixivium of the Aſhes, and afterwards by 


| 8 riſes and goes off firſt, as in the Chemical Ana- 
yſi 


* evaporating the Moiſture to a Pellicle, and ſetting the 


Salt to ſhoot into Chry/ftals. (5.) EARTH, or what is 
%% (6 er what is 
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Of the Properties of Bop1s. 


of Bodies, all which are found to have the 
following common Properties, viz. 
EXTENSION, or that by which it poſe 
ſeſſes or takes up ſome Part of univerſal 
Space; which Space is call'd the PLAck of 
that Body. For all Bodies are extended ei- 
ther (1.) into Length only, and then it is 
called a LI NE; or (2.) into Length and 
Breadth, which is called a SUPERFICIES; or 
(3.) into Length, Breadth, and Depth, 
which then is called a SoL1D. Theſe are the 
three Dimenfions, according to the Quantity 
of which the Magnitude or Bulks of Bodies 
are eſtimated (II). | . 


| | | 
call'd the Caput-Mortuum, being what remains of the 


Aſhes after the Salt is extracted, which can be no farther 
alter'd by any Art whatſoever. Ty | 
(I The Macnitvps of Bodies is the Quantity of 
their Dimenſions expreſs'd in ſome common or fandard 
Meaſure, as an Inch, a Foot, a Tard, &c. and it is thus 


eſtimated: 


late I. 


Fig. 2. 


1. When Bodies have but one Dimenſion, as Lines, 
then it is expreſs d by the Number af Inches and Parts 
of an Inch contained in their Length: Thus the Dimen- 
fion of the Line AB is 3 Inches ; of CB 2 Inches; and 
the Compariſon of the Conn of AB to CB is call'd the 
Proportion or Ratio; thus the Ratio of AB to CB. is 
that of 3 to 2, or (as it is uſually expreſs'd) AB: CB 
::3:2. And becauſe this Compariſon conſiſts. of only 
ane Ratio, it is ſaid to be a ſimple Ratio. 

2. Thoſe Bodies which have two Dimenſions, as Su- 

perficies, have their Magnitude expreſs'd by the Rectan- 
le under both, or the Product of their Length by their 
readth; thus if any Surface ABCD has its Len 

AB=4, and its Breadth BC=2; then its Di 


(which 
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PENETRABILITY of Matter, is chat Proper- 


Of the Properties of Bones. 
SOLIDITY, ſometimes called the IM- 


ty 


(which in this Caſe is called the Area, or Superficial Con- 
tent) is thus expreſſed, ABXBC=4X2:=8; that is, 
there are eight ſmall Squares, which are ſquare Inches, 
ſquare Feet, Sc. according to the Meaſure of the 
Sides. N a ' 

If this Surface be compared with any other, as 
Ed. whoſe Length is EF z, and Breadth FGæ a2; 
then their Magnitudes will be to each other as ABX BC 
to EFXFG, that is, as 8 to 6, or as 4 to 3, And be- 
cauſe in this Compariſon each Term conſiſts of two 
Parts, or there is a twofold Ratio of Length to Len 


and Breadth to Breadth, therefore this is ſaid to be a 


Duplicate Ratio; and ſo all Surfaces are to each other 


in the Duplicate Ratio of their Sides. 


4. Inlike Manner all Solid Bodies, which have three 


Dimenſions, have their Magnitudes expreſs'd by the Pro- 


duct of their Length, Breadth, and Depth together. Thus 
if there be one Veli AG, whoſe Length AB=4, its 
Breadth AE==2, and Depth AD=3; and another Solid 
HO, whoſe Length HI=23, Breadth HM=1, and Depth 
HL=2; then will their Magnitudes be to each other as 
ABXBExAD to HIXHM HL, that is 4X 2X 3==24 to 
ZX1X2=6, or as 24 to 6, And therefore Solids are faid 
to be in a triplicate Ratio, viz. of their Length, Breadth, 
and Depth or Thickneſs; and the Standard Meaſure in 
this Caſe is call'd a Cubic Inch, Foot, &c. becauſe of its 
being in the Form of a Dye, or Cube, which Figure is 
contained under 6 equal and rectangular Planes. 

5. And here it will be neceſſary to advertiſe the Rea- 
der, that any Quantity is — denoted by a ſingle 
Letter, as A, B, Cc. and the Square of that Quantity 


Plate I. 
Fig. 3. 


Plate I. 
Fig. 4, 5. 


by Ax A or AA, or A, B., &c. and the Cube by A? 


or B*, And when we expreſs the Ratio of two Quanti- 
ties A and B, it is uſually thus, A: B; and when we 
compare this Ratio with any other, as of C to D, we 
expreſs it thus, A: B:: C: P. If both Terms of. the 
Ratio increaſe or decreaſe together, the Ratio is ſaid to 
be direct, and expreſs'd as before: But if one Quantity 


B 4 increaſes 
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abe Properties of Bovin's, 
yr by dhich a Body excludes all other 
from the Place which itſelf poſſeſſeth; for 
it would be abſurd to ſuppoſe two Bodies 
could poſſeſs ene and the ſame Place at the 
ſame Time. From this Definition it fol- 
lows, that the /of?eft Bodies are equally. ſolid 


with the bards# (II). 54" Bol 
Bok as e tarts 11" ' DIVISE . 


Np PATIL hy | e 
increaſes while the other decreaſes, and vice verſa, in 


each Ratio; then they are expreſſed in a different Man- 


ner, viz. A: B C bi or A: C 72 5 8 Amd the 
Addition of ane Ratio A: B to another C; D is per- 


* 


| ormed by multiplyin the firſt Terms in each Ratio 
together, and alſo che falt; and the Ratio of thoſe Pro- 
gucts AC: BD is the Sum of both the other. To ſquare 


any Ratio is to multiply it by itſelf A: BNA: BS 


A: B˙, and fo the Cube of any Ratio, A: B is A* B1. 


Ik any would Know more of the Nature of Ratios, they 


.may conſult Dr. Sanderſen's Algebra, or my Logarithma-. 
ia. | : BA i 

(ut) FiGURABILITY is as neceſſary to Matter 23 

any of the Properties, abovementioned ; for ſince Mat- 

ter is not infinite, it muſt be circumſcribed within cer. 


tain Limits and Bounds on every Part, which conftitute 


«the Figure of the Body; and as the Particles of Matter 
ay exiſt os ag in any Manner of Situation, fo the 
Figures, or Form of Bodies, which 'they compoſe, may 
be infinitely yarious and different from each other.. 


2. On this Property ſeveral Things of Moment de- 


-pend ; thus according to the ſeveral Figures of the Cor- 
Pace, they will touch by a greater or leſſer Quantity 
of Surface, and fo will cohere more or leſs firmly toge- 
thet ; from hence will ariſe various Qualities of Bodies, 
which are the Foundation of moſt of the conſiderable 
TRE of Nature, as will de hereafter taken No- 
ce. of, | 
3. Hence we may obſerve likewiſe, that Bodies of 
different Figures contain, under the fame Wau of 


/ 'the Properties of BoDIG. 
DIVISIBILITY is that Property by which 


the Particles of Matter in all Bodies are ca- | 


pable of a Separation or Difunion from each 
other, Hence the Reſolution or Dyſolution 
of Bodies into their conſtituent, Corpulcles, 


as in many Operations of Chemiſtry, How 


far this may actually obtain in Nature is 
not eaſy to ſay : But that Matter is infinitely 
EL aan _ diviſible 


Surface, different Magnitudes or Bulks ; thus à Circle 
contains a greater Area under the ſame Length of Peri- 
phery, than any other figured 2 z and a Sphere, 
under the ſame Quantity of Surfaces, cqntains a greater 
Bulk or Space, than any other Solid whatever, 


e infinite Variety of Forms or Figures, 


which Matter is liable to, there are only jus which will 
admit the Particles of Matter, placed together, to fill the 
Space between them compleatly, or ſo as to leave no 
Pore, V acuity, or Interſtice between them: and Bodies 
of theſe Forms have been known by the general Name 
of the five Platonic Bodies, and are as follow : : 


I. Tetrahedron, which has four equal triangular Sides, 


2. Hexahedron, of fix equal ſquare Sides, viz. a Cube. 
3. Oahedron, of eight equal pentagonal Sides. 
4. Dedecahedron, of twelve equal triangular Sides. 


5. Jeoſahedron, of twenty equal triangular Sides. 


5. Hence the Aſſerters of a Plenum are neceſſitated to 
prove, that tho' Matter is liable to an Infinity of Forms 
indifferently, yet all its Particles muſt have but ſome 


one of the five abovementioned ; otherwiſe it would be 


as evident as an Axiom, that the Particles of Matter have 
a. different Form, and muſt therefore admit V acuities 
or Pores in the Gompoſition of every Kind of Bodies, 
Tho” this Argument for a Vacuum has not been ob- 


+» 


ſerved yet per there is none more evident, geo- 
Geil nd engage N UE OR One. 


. * 9 ; 
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Of the Properties of Bowes. 
diviſible: in a mathematical - Conſideration, 


is demonſtrable various Ways (IV). BY, 


- MOBILITY. is chat Property which all 
Bodies have, of being moveable or capable 
of changing their Situations or Places. This 

Ps - Property 
() x. The eaſieſt Way to demonſtrate the infinite 
Diviſibility of Matter, I think, is the following. Let AB 


be the Length of a Particle to be divided; through each 
Extreme, A and B, let there be drawn the Lines CD, 


EF parallel to each other: In the Line CD, between A 


and C, let there be taken any Point G; and in the Line 
EF, from B towards F, let there be taken any finite 
Number of Points, H, 1, K, L, &c. If now from the 
Point G we draw the Lines GH, Gl, GK, GL, St. 
they will each of them cut off a Part of the given Par- 
ticle AB; and yet af er all, a Part, PA, will remain; 
and ſince this will be the Caſe for any finite Number, 
It is plain the Particle —. contains a Number of Parts 
ter than any finite Number, and therefore infinite. 
2 Another — — equall us 1 e fol- 
Jowing, viz. Let AB be the Length of the given Par- 


- ticle; thro' A draw CD, and in the Point E, at right 
ch 


Angles, draw the indefinite right Line EF, in whi 

there be any finite Number of Points taken, as G, H, 
I, K, Oc. on theſe, as Centers, deſcribe the ſeveral 
Arches of Circles EL, EM, EN, EO, c. to cut the 
Particle AB, each of theſe will take off a Part, and yet 
there will a Part, AP, remain: therefore, &c. as before, 
g 5 Tho? we have no Paſſibility of an Inſtance of this 
infinite Diviſibility of Matter, yet Nature proceeds to- 
wards it to inconceivable Lengths in many of her won- 
derful (tho* common) Operations. How minutely is 
Matter divided by Fire, as a Piece of Tallow, for Ia 
ſtance, in a lighted Candle ! What a prodigious Sphere 
or Space does the leaſt Flame fill with Particles of Light, 


or a Grain of Aſa fetida with odorous Particles ! How 


numerous and ſmall the Particles or Vapours ariſing . 
from the Surface of Fluids ! Or the Particles of Copper, 
which from a ſingte Grain ſhall be diffuſed thro? the Sub- 


O the Properties f Bop xs. 
Property of Matter is evident to all our 
Senſes; and what ee. has ooafeſſodly 
deny d (V. t 
* Tur VIS INERTLE, 1 Sir Tos bag 
or the Inefrvity of Matter, is that Property 
of it, by which it endeavours to continue 
in its State either of Motion or Res, or by 
which it reſiſts the Actions and Impreſſions 
of all other Bodies which tend to generate 


or deſtroy Motion therein DES 


ATR. 


Rance of many Millions of Times its own Quantity of 
Water, and ti it of a different Colour Bok I. 
ſtances of this Kind are endleſs. 

(v) Des Cartes and his Followers, who ting a FA 


> : 
„ 
K. 


cuum, do virtuall y deny Motion; for ſince Motion is the 


Tranſlation of a 


y from one Part of Space to another, 
if there be * void ech ſuch a Tranſlation muſt be 
made thro' a 8 ſolutely filled with Matter, or not 


at all ; if the firſt be aſſerted, it will follow, that two 
Bodies may be in one and the ſame Place at once, which 
is abſurd ; therefore there can be no Motion at all upon 
their Principles. To ſay n may move in a Plenum, 
as a Bird moves thro' a Body of Air, or a Fiſh thro? 
Water, is ſaying nothing to the Purpoſe; becauſe both 
Air and Water abound with Vacuities, (as is well known 
from the Nature of each) whereas a Plenum admits of no 
vacuous Space, and therefore of no Motion of che Par- 
tieles, nor conſequently of any Bod — them. Be- 
ſides, neither the Bird nor Fi would! be able to continue 
in the Air or Water, were — not ſpecifically heavier 
than thoſe Fluids; but upon the Suppoſition of a Plenum, 
all ſpecific Gravity is taken away (as will. be ſhewn) 
and fo the Caſe is not parallel, and therefore the Argu- 

ment fallacious. 

(VI) This Power or Force of Matter ariſes wholly 
from its Sluggiſhneſs or Inactivi al and not at all from 
its * ſome (of no A 


kenly 


Plate I. 
Fig. 8. 


W have miſta- 


Of the Properties of Bopms. 
3 co 2 ow 
© ATTRACTION is a Property that we 

find all Matter endued with in a greater or 
a leſſer Degree: By this Property the Parti- 
cles of Matter attract each other by a 
Power which cauſes them mutually to ac- 
cede to, or approach each other. This 
Tendency of one Body to another is called 
GRAVITATION, or, in the Abſtract, the 
| e PAR „ee 
kenly concelved of it. To make this Matter plain, ſup- 
poſe a Body A at reſt in the Point A, it would not of 
itſelf move out of that Point, unleſs by ſome external 
Force impreſſed.” Firſt, Suppoſe the Body abſolutely 
light, pm it be required to move it from A to B, in a 
certain Time; to this End ſome Force muſt be applied 
acting in the Direction AB; by which, at the End of 
that Time, the Body will be found in B; and this 
Force once impreſſed will continue in the Body, and in 
every ſuch Particle of Time will it thro' a Space 


equal to AB. Secondly, Suppoſe now Gravity begins to 
act, and give the Body Motion, and that by the Power 


of Gravity the Body be carried from A to D in a Line, 


paſſing thro” the Earth's Centre, in the ſame Time as it 
fore moved from A to B; draw BC and DC equal 


and parallel to AD and AB; and it is evident all the 


Effect of Gravity will be only to cauſe the Body du- 


Ting that Time, to deſcend through Space equal to AD. 
from the Line AB, and fo in the End of that Time in- 


ſtead of being at Bit will be in C; but ſince the Point 
C is as farfrom D as B is from A, it follows, that whe- 
they Gravity acts or not, the ſame Space is deſcribed in 
the ſame Time in the Direction AB, and fo the ſame 
Force is required to give it the Motion, which therefore 
has no Relation to or Dependance on Gravity ; but 
ariſes ſolely from the Nature of inactive Matter, and is on 


that Account ever proportional to the Number of Par- 


ticles or Quantity of Matter in Bodies 
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| Of the Properties of Bols. 
Gravity of WercnT: of Bodies (VII). 
. REPULSION - ſeems to be à Property 
belonging to the - ſmall Particles of Matter 
univerſally; for they do not more evidently: 
attract in ſome Circumſtances than they repel 
each other in others, as will be evident by Ex- 


_ periments, hereafter to be exhibited (VIII.) 


"IL HESE 


(Vin) This Power, ot Virtue, was originally com- 


municated to all Matter by the Omnipotence of the 
city, and is no ways, neceſſary to its Exiſtence ; there 
re I apprehend when Sir Iſaac ſays, he is ignorant of 
the Cauſe of Gravity, he can only mean the particular 
Manner in which it is exerted from one Body, and in 
which it acts upon another, and not that he was igno- 
rant of the Source or Principle of Power whence it could 
be derived. But as the Manner in which it is exerted, 
ſo the Means by which it. is propagated from. one Body to 
another, is as = unknown. To account fot the Pro- 
pagation of this Virtue, as of Light, c. tis ſuppoſed 
chat there is an exceeding ſine imperceptible Medium, 
or ethereal Spirit, diffuſed thro' all the Syſtem, and per- 
vading the Pores of all Bodies; that this Medium is ex- 
2 elaſtic, and that by its Tremours and Undula- 
tions, which are almoſt inſtantaneous, the Emanations 
of the attracting Virtue, Light, &c. are propagated with 
an immenſe Velocity, — . after the ſame Manner as 


Sounds are conveyed by the undulatory Motion of the 


Air, By Means of this moſt ſubtle Spirit, tis ſuppoſed, 
likewiſe, that electric Bodies exert their Power of at- 


tracting and repelling light Bodies at greater Diſtances; 


that Light is emitted, reflected, refracted, inflected, and 


heats Bodies; that all Senſation is excited, and animal 


Motion performed at Will; namely, by the Vibrations of 
this Spirit mutually pro along the ſolid Filaments 


of the Neryes from the outward Organs of Senſe to the 
Brain, and from the Brain to the Muſcles. 
(VIII) Attraction and Repulſion differ in no _ — 2 
3 pects 
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Of th#\Properties of bonne, 


Tuts are the general Properties or 
Matter, which we muſt regard in our Ex- 
plications of the various Phænomena of 


Nature, in the Senſe we have defined them. 


Theſe are the ſeveral Datu, or fundamen- 


Naculative and pratiical Part. We ſhall 


tal Principles on Which the Science of Phi- 
loſophy depends, and which will each of 
them afford an ample Field both in 


in the 


(for the Sake of Method) begin wich "he 
Attrat#io of Bodies, conſider its ſeveral 
Species; and prove their Exiſtence and the 
R NI 


3100 8 Hf AA e ee 


Tun Power of Attrackion, or Cauſe of 
Gravity,” we preſume not to define, or ſay 
what it is, but only that it is, or does 


exiſt; and the Laws of its Action we ſhal 


ſhorts than this that the attraQtin Virtue i in the firſt 
aſe carries Bodies towards the Body, and in 


the latter it carries them from it In each Caſe, the 


Particles are moved in the fame Manner among them 


ſelves, by the Attracting, Electric or Magnetic Power, 


Some very eminent Phi ofophers of late think different 
from Sir Iſaac Newton, who always aſſerted, that At- 
traction and Repulſion were two different and oppoſite 


Powers, but that the latter begun where the former end- 
ed; but theſe Gentlemen aſſert, they both belong to ar 
| begin originally from the Particles of Matter themſelves, 


that thoſe which once attract or repel, always do ſo; 


however this Principle requires to be ſu upported by more 
Experiments, and better eaſons than we have yet ſeen : 


in its Favour, 


endes 
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o/ the Properties of Bonis. 
endeavour to aſſign by what may be diſ- 
covered: by Reaſon and Experhment- To 
this End we muſt ebnſidery that avy Kind 
of Power or Virtue; proceeding or propagated 


from a Body: it Right" Liner every) Muy as 
from a Centre, muſt derreaſe in ito Energy or 


Strength as the Syiuiver of the Diftanites- 
the Body intreaſe; for rep the Force 


ticles" iſſuing from the central: Body on u 
given Space, - which Number of Furtleles 
will-decreaſe as the Squares of the Diſtances 
increaſe. Thus the Number of Particles 


the Body at A, falls on a Square buch BEIG, 
will be /ou# times as gteat as the Number 


great as the Number Which falls on the F 
ſquare Inch DLMN at three times that Di- 
ſtance AD; and ſo *. 46 _ deen from 
the Diagram. eee 

Hence, ſince we hae n nem as 


ſiſt in fine imperceptible Particles or -itivi- 


Point in the Surface of the attracting Body, 


Bodies 


will be every where as the Number of Par- 


which at et Diane AB, from a Point in 


which falls on à Square Inch GAIK at 
twice that Diſtance AC; and nt timer — 


doubt but that all Kinds of Attraction con- 


ſible Elvia, which proceed" from every 


in all fight-lined Directions every” way, 
which in their * lighting on ether 
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Bodies urge | and ble 5 7 ts 


ſuperior attracting Body; therefbre che 
Force or Intenſity of the attracting - Power 


in general muſt always decreaſe - a, dhe 


3 increaſe...) : 

HENCE A ee Aue by the 
that Light and Heat, Odours and Perfumes, 
which conſiſt of Particles or Eſfiruia that 
proceed every way from luminous, heated, 


| and- odoriferous Bodies, as from a; Centre; 


have always their Forces abated according 
to the abaye Law. The Force of Sounds 


alſo decreaſes in the ſame Proportion, for 


Reaſons that will be hereafter aſſigned. ſiil 
By virtue of attracting Power, the grand 
Machinery of the | Solar Syſiem, and doubt» 


leſs of all the others in the Univerſe, is ef- 
fliecded, eſtabliſhed, and conſerved. It js 
dberefore of the greateſt Conſequence, to be 


this univerſal Power or Agent, and to learn 
by Experiments the peculiar Nature, Laws, 
or. Manner of Action in each. Naturaliſts 


generally reckon Four different ene f 


Attraction, vi. Ele 
I. Tas Attraction of en which 
is peculiar to Corpuſcles or primigenial 
Partieles of Matter, of which larger Bodies 
are e mne 
Adhe- 


+> . * + . 
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Adheſion of - theſe Particles, arifing "tion. 
their ſtrong attractive Power, 4, 
II. TRR. Attrattion of. KgorRTerrrz 
which, is -peculiar to ſome Kinds of Bodies, 
as Glaſs, Amber, Sealing-waxs) Ge. high 8 
are therefore called EIA, ci 
III. TR AtiraStion of Manz risks or! 
af the Loadſtone, Which is peculiar 404; 
and mutual between the Loauſtans und 
Iro : e „ f eee 
IV. Tr E Mttrattion of. GRAVEDATIONS! | 
which, is obſervable only in the larger C 
poſitions and BSyſtems of Matter; as in the) 
Earth and Maam, and . 9 © 


tary Bodies which: co 
Of each of theſe Species « 
Order; and firſt,” 

Or the Artracbi K 7" | 
Laws and tes of his Attradtion-are Tot 
the following, 4); It is very diſce 
and moſt powerful in Corpuſeles, or Ane 
ſmalleſt” Particles of Matter (20% It is 
mutually exerted between: thoſe: Partifles.;” 
or they — Attract, and are attracted 
by each other, (3. The Sphere of At I wal 
tration, or Extent of this Power, is greater 
in ſome Particles of Matter than in others; 
but very ſmall. at the utmoſt: e (4); 
This Power is inſenſible in ſolid Bodies in: 
the leaſt ſenũible dn * as it Were 

Ven 47> 1 le 
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only on Contact; and therefore, (. I. . 


of Attraction ends, there a Repelling Fower- 


Plate I. 


Plate I. 
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Of tbe AttraSion of Conne; 


muſt be nearly proportional to the Quun 
tity of contiguous Surfaces: or the Parts 


of Bodies eohere moſt” ſtrongly, © whole 
touching Surfaces are largeſt. (60 This 
Power muſt decreaſe as the Squares of the 
Diſtances increaſe; becauſe it muſt be fap- 
poſed to. ite from each Pantivle ia right 
Fines Drrechons. () Where the” Sphere“ 


begins; by which the Particles, inſtead of 
attralting, repel and ſty from esel others”; 
(8: By this Power the ſmall Portions or 
DEST Fluid NAS eus 


$9 R F : 


2\ 
IX) To illuſtrate this Mar of Cpu an 
e Let A, B, (in N i 10, hi 14. rn” 
repreſent two ſmall Bodies or Gorpuſ 
their Spheres of Attraction, 5 re he Aa _ 
ing Power every Way) be E, and EFG. ben 
it is evident, A 
1. Fhat the Forcewith which the Bodies a 2 
other will be greateſt in the Caſe where they touch 


2. If the Hodjed are of # ſpherical Figues as 
can touch but in a ſingle * ont; and therefo Fig: 9 


2885 with which they ſtic cohere together will 5 
* wed pole. lain Surfces S Kb 
ut i ies are | 
(7 Hi 12.) the Power of Coheſion 8. be ſo muck — 

per, n 

touch, is larger. &Þ 
If the wt B, touch not, but are yet pl 
in the Sphert of each other's Attra8tion, (as Fig. 10.) I 


e. =» My y my 


they will then be * moveadle or voluble about each 


Tx firſt and ſecond of theſe Properties 5 
are made manifeſt by various Experiments; 3: 
a> the ſudden Union of two cbntigueus 

Drops of Mercury, Water, &c. The ſtrong 

Adhefion' of two" Leader” Balls, which toned - 


by 1 Surfaces (K); as _allo'of G 
þ Planen, 28 

eee On | 
hr) ab reldito the hat Impreſion ofenern Force ö 
and this will be the Caſe of ow Particles, WR by 
their Figures or Forms. yo * f ae 

5. H the Corpuſcles A; B. e peel of Weh a 
Diſtance as to be without each other's Sphere of At. 


traction (as in Fig. TT.) then will th from or . : 
pe each other, with a Power that to a ee, 
rable Diſtance, ce, and is exerted every Way equally from 


2 5 


each Partiele. 
nga If chere be a great Number of theſe Particles thus: 
Y wo _ other, but yet confine# within 
\ —_ will, by this repulſive Power, be” . 
an renter gr at 14 iſtances from each other throu 
the whole le Spice, if theconfining Power be on every 


Ah ee, 
his Power, while ae 8 to Put 

| ſmall Diftances from the Carpuſcl es, and then 8 

5 Ware for ſtrictly ſpeaking, there are no Bodies in 

2 ature which — 1 but only at certain Di- 

t ſtances; thus the e does not at all Diſtances 

|; repel the Needle, but only at a definite Diſtance; for 
either Pole will attract either End of the Needle at 1 

f near Diftance, or upon Contact:, e py 

3 periment. pol 

F (X) This Adheſion of leaden Balls i is ſo very conſi- 

derable, that with two (not weighing = ogy a Pound 

each, nor touching upom more than 3 of a ſquare Inch 


„ o 
= . 


Surface) have lifted above 20016. weight. In order to 
e this, the Surfaces by which they touch muſt be finely 

. planed with 2 Fs 7of a May Pen knife, and A 
3 preſs'd togeth a conſiderable Force, with a gentle 


Turn br. 44 the Hand at the ſame Time; and thus two 
C2 com- 


ww 7 


1 
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Of ibe Artrattion-of OTE 
Mok and Cryſtal: Button: The Ak 


of Water between Gleſi Planes, and in Ca- 


fillary NM uber? The riſing f War by the 
Sides 


common n Bullets will 3 > fly together, 


as to require upwards of 80/b, to ſeparate them. 


2. In poliſn'd Surfaces that are very hard, as Glaſa, 


Braſs, &c. it is impoſſible to bring them into ſuch cloſe 
ContaRt as to cohere without the Interpoſition of Water, 
or ſomething humid, to fill the Pores by expelling the 
Air contained therein, which prevents the Planes com- 


ing together while dry; the Humidity in this Caſe proyes- 


a Cement. which holds the Planes together by all .ts 
Force of Attraction on either Side; a 


3. This Force of Attraction between theBraſs Planes 


is greater with Oil than with Water; and greater with 
any Sort of Greaſe or Fat that will harden with Cold 


than with Oil. I never yet could meet with four Men 


ſtrong enough to ſeparate Planes thus put her, 
whic — Inches Diameter; and —— the 
cohere with a arce much ſuperior to the Force or Prei- 
ſure of Air on ſuch a Surface, which contains about 14 
ſquare Inches, and allowing 1 51b. for Preſſure to every 


Inch, it will amount to 210 lb. which is not half 


the: Strength of four Men pulling againſt each other to 


the beſt Advantage. I have often ſeen ſix Men en- 


deavour to ſeparate them in vain. 
4. Profeſſor Mufchenbroek has made many Experi- 
ments to ſhew-. the Force of Coheſion between Planes 


of various Subſtances, and about 2 Inches Diameter, 


well poliſhed, having firſt heated. them in boiling Wa- 


ter, and then beſmeared them firſt with a cold Tallow- 
Candle, and afterwards with boiling .Greaſe, and the 


Weights to ſeparate them were as in. the owing 


Tube? 2. 
Cala. pad. 4 Hee Greaſe. 
lan ies & Glass — 130 0. . 300 of 
of Braſs — 150 __ 800 
of Copper — 200 . 3850 
of Marble — 225 | 609... 
of Silver — 150. | 250. , 
of Iron — 309 1 9360 
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uy of: a Glaſs Veſſel, ind into Tubes of 

Sand, Aſhes, "Sager; Sponge, 0 al rous 
ee Y „Ua 383 | rh Jy 5 
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5. These! Planes adhere * other Sorte of Matier with 
Forces as in the Table below, where the ewe ot ne- 
ceſſary to ſeparate them are ſpecified: 


With Water — — 12 Ounces. 
With O! —., 18 Ounces... | 
With Venice Turpentine — 24 Ounces. 
With Roſin— — 850 Pounds. 
With Tallow Candle — 850 Pounds. 
With Pitch — — 1400 Pounds. | 


Though theſe Experiments would not always give the 
{ame Numbers, yet they ſufficiently ſhew the, vaſt at- 
tractive Robes, and the very great Difference between 

6: After this he gives us an Account of his Experi- 


ments made to ſind the Force with which Bodies cohere 


naturally, or what is the abſolute Force of Coheſion in 
various Bodies, which he eſtimates by the Weights re- 

uired to pull them aſunder, drawing according to their 
Lenghha this he tried firſt in Wood, and afterwards in 
Metal. His Pieces of Wood were of a long ſquare 
Form, of which each Side was 5 of an Inch, and 
by Weights ſuſpended they were 4 aſunder, accord- 
ing to the ſeveral Sorts, as mentioned below: 


Wood of Linden-Tree — 1050 Þ: Fre 
of Fir —* 2 600 


of Oak * — — 11890 
of Elm” == 4 G58 
of Beech — — 


F 


7. The Trial he made, With Metals was uf TOA 
fulpepded to Wires of each Sort, whoſe Diameter Was 


1c of a Rhinland Inch; or becauſe the Rhinland Foot is 
to ours as 139 to 135, the Wire was E Parts of an 
e 


Inch E v The Metals wn Welghts's were as follow : 


C 3 | 
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Tux third of theſe Properties is evident 
8 Experiments of Water riſing above ' 
the common Level, and Mercury's finking 
below it, in Capillary Tubes: By the ſtick- 
ing or adhering of Water to common Sub- 
ſtances, Which eee e K 


Of Copper 
Of lb Br. 
Of Gold 
Of Silver 
Of Iron 
Of Tin 
Of Lead 


8. Theſe Experiments ſhew the abſolute Bore of G. 
1555 1 Bodies, That which he calls the Relative Force, 
ira which any Body reſiſts the Force of any other 
pg upon it-in a Direction perpendicular to its 
and this . 

50 — as before, by putting one End into a ſquare H 
of a metal Plate, and hanging Weights towards the 
other End ſufficient to break each Piece of Wood at the 
Hole, Theſe Weights and Diſtances from 


nnn. 


ee 

Diftance. 
"Fir ot 60 Inches — 

22 ö 
. 9 2 "FF e 
\ Ping of — — * 
Ald 7: — — 6 
1 —7. — "Fra 71 


Buch as would ſee much more on this Subject, may 

conſult the Author's admirable "Fo Phyſique ; and 

the vue of the Coheſion of is altogether. on 
ubjea, My Im 


rut 
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— 
Tur fourth and, fifth - Properties are 


evinced by the Experiments of the different 


Heights to which Fluids aſcend between 
Glaſs Planes unequally inclined, and in 
Capillary Tubes of different Bores: Alſo, 
by the accelerated Motion of à Drop af 
Oil between two inclined Planes: And like- 
wiſe by the HAyperbolica Curve formed 8 
the Superficies of à Fluid aſcending be- 
tween Glaſs Planes N each other on 
one Side. 


Tu ſixth Property is rides The | 


ſeventh ſeems evident between fat and ouy 


| Particles of Matter, and thoſe of an aqueous 


Nature But is moſt manifeſt from the 
Elaſtic Property of the Air, whoſe Par- 
ticles compreſs'd together reſtore themſelves 
by this repellent Power to their firſt State: : 


Alſo by the Aicent of Staam or FYopour from | 
| humid or fluid Bodies. 
Tux eighth Property of this Attrattion 3 
is manifeſt by Drops of Water falling on 


Duſt; by Drops of Dew gathering on: the 
Tops of Graſs; and laſtly, by Quickſilver 
divided into ſmall Portions, which always 


form themſelves ſs Lure 8 A | 


ee LID) OS. 1 5 
91 4 K0 
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| Glaſs Capillary Tubes, &c. it will be neceſſary firſt to 
C4 ., _ premiſe, 


* 
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Bf the Attrafion of Conzoroy... 


FROM this Account of the Attratfion"of 


Cohefion we learn a rational Solution of ſe. 
veral very curious and ſurprizing Phæno- 


mena 
remiſe, that there is N Attraction between the 
Particles of Glaſs and Water, than there is between the 
Particles of Water themſelves : For if it were not ſo, 
the leaſt Quantity or Drop of Water C applied to 
under Side of a Glaſs Tube, in a Poſition parallel to 


the Horizon, as A B; would not adhere to it, but im- 


mediately fall down by its Gravity; but we fee, that it 
not, till its Bulk and Gravity be ſo far increaſed as 
to overcome the Attraction of the Glaſs, and then it 
tall off.. 54455). £5 1 M eee 
2. Since we find ſuch a ſtrong attractiye Power in the 


Surface of Glaſs, it will be eaſy to conceive how ſenſibly 


ſuch a Power muſt act on the Surface of a Fluid (not 
viſcid) as Water, contained within the ſmall Cavity or 
Bore of a Glaſs Tube; as alſo pea it will be in Pro- 
portion ſtronger as the Diameter of the Bore is ſmaller; 

or that the Efficacy of the Power follows the inverſe 

roportion of the 7 Sn is evident from hence, that 
only ſuch Particles as are in Contact with the Fluid, and 


_ thoſe immediately above the Surface, can affect it. 


3. Now thoſe Particles form a Periphery, or rather a 
very narrow Annulus or Ring contiguous to the Surface, 
the upper Part of which attracts and raifes the Surface, 
and the lower Part, which is in Contact with it, ſup- 
ports and holds it up; ſo that neither the Thickneſs 
or Length of the Tube avails any thing, only the faid 
EB of Particles, which is always proportional ti 
the Diameter of the Bore. E 
4. The Quantity of the Fluid raifed will therefore de 
as the Surface of the Bore which it:fills 3 that is, as the 
Diameter, firice the Effect would not be otherwiſe proy 
hortional ta! the Fauls, 7a oh 2 OTTER 
5. Since the Quantities follow the Ratio of the Dia- 
meters, the Heights to which the Fluid will riſe in dif- 
ferent Tubes will be inverſely as the Diameters, which 
is thus demonſtratſmme. 12 


, 
= , 
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Q, 9, repreſent the Quantities of Matter raiſed; 
Let D, a, the Diameters of the Tubes Bores 
H, , the Height to which the Fluid riſes in the 
"4 LO TT RU. OPIN Ogg e 1 
Then ba Os q, repreſent the Contents of tu o Cylin- 
ders of the Fluid (ſuppoſe GL and IM) it will be 
Q: 9: : DDH : dab, from the Nature of a Cylinder; 
and from the Nature of this Attraction, it is 227: 
D: 4 (as was juſt now ſhewn 5 we have, As 
D* H: A: : D: d; and fo D* Hd d Dh, that is 
DH = 4b; conſequently, D: d:: bh: H. 


6. The Velocity with which it 9 to riſe in the 


Tube is exceeding great, but preſently abates, and fo 
continues by increaſing the Weight of the Fluid that is 
raiſed ; and it will continue to riſe till an Equilibrium be 
made between the Gravity and the attracting Force of 
the Glaſs, "HERE aaa goa” 8 

7. The Preſſure of the Air neither helps nor hinders 


the riſe of the Fluids, for the Effect is the ſame in Va- 
cus as in the Air. But the more viſcid the Fluid, the 


leſs apt it is to riſe. in the Tube. &$. 
9. By the ſame Power the Water riſes between Glaſs 
Planes, fo, as to form the celebrated HyPErBOLIC 
Cuy, when they are ſo placed in Water as to touch 
on one Side, and be ſeparate or opened to a ſmall Diſ- 
tance on the other. Thus ſuppoſe ABC D the Surface 
of Water, in Which are placed the two Planes O 
and em O, ſo as to touch all along the Side mO, and 

open on the other Part, ſo as to contain a ſmall Angle O-; 
then forming the Rectangles OA p, Oczo, 0% An, 


Oalr, &c. and meaſuring very exactly, they will al 


ways be found equal to each other; and this is a well 


known Property of the Hyperbolic' Space between the | 


Curve ind its Legs Oe and Om. ec 
10. If two long Glaſs Planes are firſt ſmeared over 
with Oil, and then ſet together at their Ends, and in- 
clined to each other under a very ſmall Angle, _ a 

a 2 HP rop 
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Plate I. 
Fig. 15. 
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ther; why ſome are hard, others ſoft ; ſome 
Fxeg, others fluid ; ſome — 


Drop of the Oil ſo placed between them as to touch 
both Planes, it will immediately begin to move towards 
the touching Ends, or Angles of the Planes, and that 
Motion will be continued with an accelerated Velocity, 
by reaſon of the increaſing Attraction of the Planes, on 
account of the decreaſing Diſtance between them, and 
the larger Portion of touching Surface on each Side the 
Drop ; concerning all which a great deal has been wrote 


* 


to very little Purpoſe. 
11, If Glaſs be applied to any other Fluid, whoſe 
Particles attract each other more ffrongly than Glaſs at- 
tracts them, all the Phænomena of ſuch a Fluid in Ca- 
pillary Tubes, and between Glaſs Planes, will be juſt 
the Reverſe of thoſe now mentioned of Water. Now 
Duick-filver is fuch a Fluid, and therefore it will ſtand 
lower within a Capillary- Tube than without; the Sur- 
face convex and not concave, as in Water ; and between 
the Planes it will move a I . 
12. But if a Baſon or Diſh be made of Copper or 
Braſs, and poliſhed well within Side, and then tinned 
all over, Mercury put into ſuch a Veſſel will every where 
unite with the Tin, and may be properly ſaid to wet it, 
| as Water does Glafs ; and the — if clean, put 
5 into this Mercurial Baſon, will be attracted and riſe all 
round the Sides, and have the ſame Phenomena with 
Mater put into a wet Glaſs, Tranſparency only ex- | 


13. Here I think proper to mention an Experiment, | 
vis which I have often entertained myſelf and ka and | 
and that is, pouring Mercury into the abovementi | 
Diſh or Baſon formed into a true Spherical Figure, and | 

well planiſhed, it leaves the concave Surface fo nicely | 
filvered, that it makes a moſt delightful Mirrour, and 
reflects the Light ſo perfectly, as to produce the 3 
and moſt diſtinct Image of an Object that can poſfibl 
be effected by Art. as ir the Nahe and Apptics- 
| 2 | | | tion 
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of any elaſtic Quality; which all ariſe from 
the different Figure of the Particles, and 

F the 
tion of Mirrours may be improved by this Method, 
muſt be left to farther and future Experience: And alſo 
whether it be not practicable by this Means to make a 


large and moſt cffectual Burning - Glaſs, at a very 


els 66d cheap Rate. 4 \ a. 354 #4 \ 1 
14. A late French Author (L' Abbe Nollet) has thought 


fit to call in — the Cauſe we have here aſſigned for 


e Riſe of Fluids in Capillary Tubes, and has almoſt 
= Dr. Jurin's learned Diſſertations on that Subject 


I ſſee — gage aauld ublige him to do this, from 


what he has ſaid to explode it; no Man can be con- 


vinced by his ipſe dirit, that this is a mere Hypotheſis; 
the Phenomena ſo plainly indicate the Cauſe to be At- 


traction, and agree in every Particular ſo nicely to the 
Theory, that tis not to be expected we ſhould give it 
up till we ſee better Reaſon ſor it than this reverend Fa- 
ther has given in his prolix Digreſſion on this Subject. 


See his „ 0 on Experimentale, Tom. II. 


Page 421, c. | „ aan Ann 
15. But though the Attraction of the Glaſs is the in- 


dubitable Cauſe of the Aſcent of Fluids, yet, uit muſt 
be allowed that the Nature and Genius of the Fluid is to 


be regarded in moſt of the Phenomena, which are not 
proportioned to the attracting Power of the Glaſs. only, 
but to that Power conjointly with the various Diſpoſition 
of Fluids to yield thereto z nor is the Denſity; of the 
Fluid of primary Conſideration, it being evident hy Ex- 
_—_— that ſome lighter Fluids will riſe to a leſs 

eight than others which are much heavier : Thus Spi- 
rit of Wine will riſe but. 41 Tenths of an Inch in a 
Tube, where Oil of Tartar will riſe 9, as in the Table 


below. Nor does it at all depend on the Viſcidity or 


Tenacity of Parts; for hard white Varniſh (very thick 
and viſcid) and Spirit of Wine aſcend nearly to the 
ſame Height. I am inclined to think fm the Expe- 
riments which I have made, that the Aſcent of Fluids 


4 depend 1 
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the greater or leſſer Degree of Attraction 


are thereupon, - Hence the Reaſon 


| | | why 


depend grey upon the Si e eee 
not on the Quantity of it, but on — peculiar Action 


or Diſpoſition — relative to the attracting Power 
of the Glaſs.. 80 from the Table it appears, that Spi- 
rituous Liquors riſe to a ſmall Height in general; but 
Water, which has none, to the greateſt ; yet Spirit of 
Hart's-horn and Spirit of Urine riſe higher than Ale and 


| Ger which contain but a {mall Proportion: of 
Spirit. 
16. But to ſet this Matter in a clear Light, I have 


very carefully made the Experiment on the - 
Fluids, which were each of them often repeated, 
with the ſame Succeſs ; the Bore of the 1 1 


mp an Inch in Diameter. is 
Altitude. 


Common Spring Water — 12 Tenths of n Inch 
Spirit of Urine— Ix 
Tincture of Gallss— Br + 0 
Recent Urine — 10 : 3 
a Spirit of Salt —— 9 ü 7 2 
Ol. Tar. ee eee 9 


Vine ——— 
Small Beer 2 , 
Strong Spirit of Niue — 


Spirit of Hart's-horn: — BY | 


per Campanam — b+. 
One View. 64 
— FP Wars * 
il of Turpentine— 54 
Geneva — — 34 
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— Flies walk on the Surface of the Wa- 
and wet not *theip Feet. On this 
= 1 n 


.. Brandy |: — zee h. | 
| White hard Varniſh." OT OTE 
Spirit of Wine.  w—— 4 en eee e e 
Iiincture of Mars 43 
17. From other Expeplhnedts it appears * Heat 1 
Cold are not concerned in the Aſcent of Fluids, the 
hotteſt Water ſtanding at the ſame Height as the Cold. 
Alſo Salts of any Kind diſſolved in Water makes but 
little Alteration in the Heights, ſor when Water has: 
taken up all it can —— Solution, it will * 10 or 
101, which ſmall is o unde ted! * 
the increaſed Gravity of may rape ohm fa 
18. There is one Phænomenon of Oupilary Tubes 
very extraordinary, Which is this; if a large bored Tube Plate J. 
N be at one End P drawn out into a fd Capillary as Fig 15. 5 
at O, ſuch a Tube filled with Water, and then inverted. . 
into a Veſſel of Water, 28 ABCD, will retain all 
the Water ſuſpended through its whole Length, if it 
does not exceed the Height to which a Capillary of the 
ſame Bore, as at O, will attract it. To fee the Reaſon 
of this, we muſt conſider the Motion of a ſmall Quan- 
tity of Water CD in a tapering-Capillary-A'B'in- an pi. * 
horizontal Poſition, © And here we mult. aſſign two $ 3%; 
Principles of Motion in the Fluid CD; one is the at- 
> tracting Powtr of the Glaſs at C and D, the other is the 
Velocity of the moving Fluid in theſe places. For the 
Momentum of any Body, whether Solid or Fluid, is al- 
* proportioned to the Intenſity of the moving Power, 
and the Velocity of Motion. (As is ſhewh fully here 
after.) But the moving Power or Attraction at C is to 
that at D as the Diameter of the Bore at C to the Dia- 
meter thereof at D: Or, putting a, A, for the two At- 
tractiong in D and C, and 4, D, or the: Dime, we 
* a: N 4: D. | 
in, the Velocities (v. and v ) of- the W ater 
ec oints are as the Squares of che Diameter in- ; 
verſely 


Of the Attraftion of Conxs lO, 
Principle we account for the Manner how 
Plants imbibe the nutritive Juice or Moiſ- 


verſely (as will be ſhewn hereafter ;) that is, V: v:; 
DD: 44. Therefore VX a: vX A:: D: * D:: 
D: d. That is, the whole Motion of the Water at D is 
to that at C as the Diameter at C to' that at D; conſe- 
20, Becauſe when the 'Water moves in the Tube, 
the Velocity at D is than'that at'C, and there- 
fore the Spaces deſcribed in equal Time' by the Extre- 
mities of the Fluid unequal, it follows that the Water 
will move from D towards B with an accelerated Velo- - 
city, the Difference between the Diameters d and D 
continually increaſing. This likewiſe ſnewys che Reuſom 
of the accelerated Motion of the Prop of Oil between 
the two inclined Glaſs Planes, as mentioned Ar. 10. 
Plate I. 2. The Motion of the Water once begun at D, 
Fig. 17. Will continue till it has with great Rapidity reached the 
End B; and if then the End B be raiſed above the ho- 
rizontal Line AF, yet will the Water be drained at 
B, and not deſcend, till the perpendicular Altitude BF 
is equal to the Height to which the Water would riſe 
| in x Capillary of the ſame Boreas ar 8. 
Plate T. 22. Hence alſo if the Tube be held in an upright or 
Fig. 18. perpendicular Poſition, as AB, the Water will not de- 
” ſeend, unleſs its Weight be ſuch as when added to the 
) Power acting at C towards A, the Sum ſhall be greater 
than the Power acting upwards at By which Power 
ariſes from the Attraction of the Tubes,” the Velocity 
of the Fluid, and the Coheſion of its Particles; for un- 
leſs we conſider this Coheſion of the Particles, the 
Weight of the Water, when the Veſſel is large, will 
be too great to ſuffer a Suſpenſion of the Fluid by the 
other Forces in the Capillary Part. 9 
23. Nor is this Coheſion of the Parts a Petitio Prin- 
cipii, but what we know by Experiment to be the Cauſe”. 
of ſuch a Phænomenom when nothing elſe can be iz 
thus we find the Particles in a Drop of Water 3 | 
er 
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Of the Attrattion of Conner. 
ture of the Earth by the Fibres of the 
Roots: Alſo for the Rife of the Sap ir Ve- 
getables, and for the whole Oeconomy of 
Vegetation in general. Hence the Ration 


of the various Secretions of Fluids by 
the Glands of an Animal Body, and their 


* 
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wonderful Circulation through the fine Ca- 


illary 
en and Gilding of Metals; alſo of 
Melting or Fufion of Heat. Hence” all- 
the Exhalation' of Vapours by the Heat of 
the Sun or Fire; the Aggregation. of | Aque« 
ous Particles in the Air, forming the Drops” 
of Aa. We hence ſee . the Reaſon of. 


Dini. 


gether by Coheſion, eil the Gravity of the Whole d 
it from the Part to which-it coheres, Without this 9 
beſion there could be formed no Drop at all. 
24. Hence likewiſe it is, that a Column of Mercu 

of Air, will be ſuſpended by Coheſion. to 

the wall t of 70 or 75 Inches, when the Air alone will 
ſuſtain it to no greater Altitude than that of 3x Inches 
at moſt. Dr. Jurin ſuppoſes the Preſſure of an elaſtic 


Veſſels. Hence alſo the Reaſon of 


ſubtle Medium . (which can » Fortin the Pores of Glaſs 
in 


and Water) to have ſome 
odd Phanomenon, But if all we can learn from Ex- 
perience be thought inſufficient, I ſhall leave the Reader 
to amuſe himſelf with what Conjecture he ſhall think 
fit; aſſuring him in the laſt Place, that this wonderful 


producing this verx 


Suſpenſion of the Fluid in ever ſo large a Glaſs, as A C. 


whoſe Top terminates in the Capillary B, is not owing; 
to the Preſſure of the Air, becauſe the ſame Thing will. 
happen in an exhauſted Receiver on the Air-Pump. See 
Appendix, Numb. Ih, to wy Lectures. | 


Plate I, 
Fig. 19. 
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* Difitlationy: Filtration, Diſſolurion, Diggtt 
Sal marin, Precipitatiatts . Crylaligaige 
and all the other Operations of Obemiſ 7 Gli 
zung EC Which are no other ig 10 
Pe accounted. for- 2 2 find. Si 
e; Newton' fat the. End of "his: 224 
ives @ beautiful. ang clear Solution, to thole 
wondrous: Phænomena of ſubterranean Ace- 
cenfions* and Explofont ;, pf  Polcapat and 
"Eartbquates 3: of. Hot Springs,” Damp, and 

| ſuffocating Exbalations in Mines, Oe. _ oh. 
the Prineiples of Shin. Sort of. Auradion and 


| . I.) 4. 
| en 
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Wes ofa Tie IT of thi erg oat 
1 Patte ars here mentioned will eaſily appear from the 
| preceding Principles or Properties of 8 „Thus 
tl AR DNESS of Bodies ag. rom , ſuch Figures of "The 
Farticles;of Matter as pe it. them to touch by, large 

Surfaces, "and thus te Baye a great Power of Ace 4 
and ab the ſame Time, ſo to fit and fall we 
other, that they prevent z any Motion enſuing among 
themſelves by any external Preflure ; F whereas in 2 
Sort of Fi ule, he 5 57 may be anden 
by pretty large Surfages; Jet ſuch as not confipi 
other, will permit the Motion impreſs'd.on 1 oh Bea 
Cue * Pee among the . Particles, 5 
will thus eaſily move amon r and make what 
we call Softneſs in Bodies Sth * * 

. Fixrry i is much the 9e a8 "Hardnefs, wi avis 
to the fare Cauſe, Pu! oppoſed to FLVIDITYS W i 
may in ſome. Senſe gemed. the greateſt, Degree of 
Softneſs, becauſe a fluid ields to the leaſt Preſſure, 
f | and therefore the attractive ny ies by which the Par- 

ticles of a Fluid cohere, muſt be the leaſt poſſible; 
this reſults from ſuch à Figure as admits of the fowelk 

Points of Contact — that is, a Spherical hy 
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Of the Attraction of Common. 33 
And devs — that quay + are more e fluid 
as their Parts more or leſs to a ar 
— all which follows Bien Hevetet, III. 825 * 
ELASTICITY in Solids ariſes from the ſame Prin- 
of corpuſcular Attraction; thus if a Steel Spring, 
or — or Piece of very thin Glaſs, be bent out of 
its natural Poſition, the Particles on the convex Part ave 
forced from that intimate Contact they before had; and 
on the concave. Part they are forced nearer together, of 
harder upon each other, than in the natural State; in 
both Caſes there will be a conſiderable Reſiſtance to be 
overcome, and require a ſuperior Force. During this 
State of the Particles they may be ſaid to be under a Sort 
of Tenſion on one Side, and Compreffion on the other; 
and fince by this Force they are not drawn out of each 
other's Attruction, as ſoon as the Force is remitted or 
ceaſes to act, the attractive Power reduces the Particles, 
and unbends the Wire by reſtoring it ts its natural State 
and Site; Now tis well known that many Subſtances 
are compoſed of ſuch fibrous Parts or Filaments, which 
reſemble fine Wire, and are interwoven and „ . 
ſuch a Manner (as in Sponge, for Inſtance) that t 
not be compreſſed without being bent or from. 
their natural Poſition, whence all ſuch Bodies will in 
ſuch a Caſe exert a Forge or r Springy and thus prove 
elaflics This Theory -- &3 apphed to Bodies of a 
r ee bs Cork, * „ Glaſs, &c. And 
ſuch Matter tas wants this Texture and iſpoſition of 
Parts, will not exert ſuch a Spring or Force, but take 
the Figure ariſing from the imp Force, and thus 
Row what we cal Non-Elaftic Bodies. 1 
SOLDERING is another notable Effect of this co- 
ie Power; for when the Surfaces of two Pieces of 
Metal are made clean, or freed from all intervenin 
/ Matter beſides the Solder, the Solder being then fluxed, 
h its Particles will freely enter the Pores, or come into 
Contact with thoſe of the poliſhed Surfaces of Metal, 
gf and by that Means adhere firmly to each, and theres 
A 


ELN 


fore when the melted Solder becomes cold and fixed, it 
holds the Surfaces exceeding faſt together, in the 7 

| ture of a Glu or Caumer, which are all of the ſacs: | | 
Vor. I. D I 
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ng Powe N bo Nears G: Gecohelina. An © 
ng Treats or Mod. Rust Rodias depend 19 


ene Dag far hen the Particles of n fx 
ag — by Kain of ae Te 
CIT 


to de without each other” 
ta repe} each other, and thus ll 
Surface. of the. Fluid. in Form ef a. Vapous,. 


| Boy of Particles, which. * e Diſtances from, 


each other; and becoming fically lighter 
ſame m of airy. Particles, t . riſe la the. 
of Air till they N. to that Part aſ it which. has. 
bs op Gravis and the ey. will ver wake hat we. 
LOW.P4...W ve or 
> nary. to the 8 0 Rr b 4 N i "Sm 


Anna:. [ 13077 
2. The ae thus rake iS 
Matter of all MATIONS 9% ps 
ing them into larger 
2 FENCES 0 12 
tion les, ro 
. Fele of. 45 
Chae er 8 he Be EEE congealy. they 
urs into E x variegated 
Form and ſiſtence, and 17. a g 5 
the Cold condenſes the. V at it can i riſe 


above the Surſace of the Earth, W hover about, 

and fill the lower A ich Weber Sing 775 

Or, if ihe Cold be more intenſe, it freezes the Mitt ta 
wig and Blade of Graſs in Form of a white Inq, 

E which: wre call a Rims. If che Air be warm, 

ſo chat the Vagous therein. be wa fine #6 be viſible In 

the Da an it will. yet be conde 1 the Coplneſs: 

of the re d ale vp the 

Tops of. Gra A in. the. Form of DRW.: But, 1 

the. Evenings of ſuck a. fine Day be cold ale 5 
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Orbe Abr ahn of Ou 
fene, then liſtead of rg rl appear Verve 


FROST all over the Surface of the Kg 1 14346113 
g. The 7 JETS is a mot curious/ 
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yy ns bel of che Herter Leg im ; 
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Of the Amracfiem of C 


Fluid : That Tubes of - Aſhes or 8 raiſe* 
Water to the Height of ſeveral, Peer. 2 Fis by this: 
Virtue that the Pen retains Ink, See Fa, by, 
forth tin Writing; or refuſes to admit it, N: 
of the Particles of Oil. 1 


; thoſe of the Solid e thoſe of the Fluid ad ee other 
Ty: a Separation of the Parts or Difſo 
muſt en 


For ſince, for Inftance, if a Particle © 
the Fluid- be attraſted with a Force than a con- 
tiguous· Particle of the Solid, that fluid Particle will 
ruſh upon the other: with ſo great an Impetus, as in- 
ſtantly to diſplace it, and ſeparate! it from the Solid Paro 


tiele to which it before adhered with -a weaker Forces 


and thus we are to conceive of every other Particle, tilt 
the Whole be diſſolved, which will then end when each. 
Fluid Particle has, filled its Sphere of Attraction With 
thoſe of the Solid 3 and the Fluid. is chen ſaid to de 
tarated, and will diſſolve no more: A. A N 
«24. NRRCIrTTAr20ON likewiſe is a Conſequence from 
the ſame Principle; for if to the Solutiom of any Solid 
ſotne. other Solid 3 Body be added, whoſe Par- 
ticles are: attrated/by; the Fluid with a greater Force 
than thoſe of the diſſolved Solid, then will the former 
take Place of the latter, which, being diſengaged, will 
fall ta the. Bottom, and ſettle, in 2 ap 8 
Poder; thus is Silver * 895 
ar y tan She 
— 5 


the Aqua-Fortit attrafts more po 
Thus a Solution of Copper is ein precipitates 

Iron, and other Solutions have wel . Precipi 

ts. eee is alſo an Effect of "the 1 
Cauſe, inaſmuch as it confiſts in the internal Agitation 
and Commotion of the Parts of the fermenting Body, 
ariſing from their mutual Action and Attraftion | ſo lr 
mentioned. By this means Bodies are either wholly d 
rel as has * on 9 Parts ſo * ad 
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tered and compounded with other Matter, that they ſeem 
to change - their Natures, and acquire quite new Pro- 
perties and Principles. Thus Malt by Fermentation 
yields a Spirit by Diſtillation, tho“ not like it before; 
not to mention I utreſaction, and the many notable 
Pbænomena thende ariſing. See Shaw Lectures on Che- 

. de e ieee . en e eee 
16. The HAr, Engurtirrox, and EX2L0$10N: of 
ſundry Mixtures are owing to the violent Action and 
Seat Rapidivy of Motion among che Conſtituent Par- 
ticles; for all Heat and A ccenſon procetds: from. an At- 
trition or Rubbing of the Particles of Matter one among 
another. Thus Aqua-Fortis and the Partieles of | 
act ſo'violently on each thut dauſe a great Effers 
veſcence and Heat; and Steel Nllingꝭ produce a Blaſt 


or Exploſion inſtantly: ' Again, Oif of Garaway. Seed, 


poured on compound Spirit of Nitre, xindles tu Flame 
with ſuch prodigious Force, that im N⁰ννjft has blown 
up and burſt an exhauſted Receiver ſx Inches-wide und 
eight Triches deep.' VI9T2 donn 91 * 1dr bes 
17. In accounting for THu NEN ind Lrowowing 
we have recourſe 40 the ſame Principles; that is, a Fer 
mentation between the ſulphuttous Stèams exhaled from 


the Earth, and the Nitrous Acids or Salts in the Air, 


which take Fire, and cauſe Exploſions in the ſame 
Manner as in the Experiments juſt mentioned; And in 


ſome ſuch Manner all other Meteor are producede 


18. Alſo that Burning- Mountains, Mineral Coruſ- 
cations and Suffocating Damps, Earthquakes, hot Springs; 
fc. are produced by the inteſtine Commmetion arifing 
from the Mixture ef divers Nitro-acid' and Sulphureous 
Matters in the Nowels of the Earth, is evident from 4 
common and eaſy Experiment, Which is by taking, equal 
Parts of Sulphur and Steel-Pilings, and working them 
together, with ia little Water, to the Conſiſtence of a 
Paſte; then putting it under Ground, it will preſently 
begin to heat, and in a few Hours take Flame and blow 
up the Earth about it with a condiderable Shock, ſo as to 


— an Earthquake, and à Sort of Volcano in 


ttiature. - | PRESTR : | * 
19. That Metals diſſolved in Fluids diffuſe them- 
ſelves equally through all the Subſtance, and keep an 
I, i equal 


N 
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ig 
effected ſuch a repulſiye — which as: bas 
ſaid) 1 ro the Sphere of A 5 nn 
- 4208 The Spherical Figure, which the Drops f 4 
A hue affect being left to themſelves, is another Con: 
zuente of e Attraction; for conſidering . 


An Particle of the Fluid, its „ 
every — exerted to an it an 
. uid 7 Side drawn 
it, und will therefore take — Macs at an equal] 
Diſtance from it, and conſeq form a ſpherical 
or perſectly round Zu e eee e 
Earth and — ſpherical Figure from e 
Attraction being every WWuy equally directe. 
21. The ſurpffſing Phenomims of Glaſs Drops (el 
eimes called Prince Rupert's ) are mbſt proba 
ſuppoſed to ariſe from hence, viz. That while the G1 
is in Fuſion or metted State, the Particles are in à Stare 
of Repulſion; but being dropped i into cod Water; it:{6 
contenſes the Particles in the external Parts or Super, 
ficies, that they are —— reduced within each other 
Attraction, and by eans form a Sort of hard 
Caſe — ve yr che aforeſaid Particles i 2 
repulſive State 3 but when this Caſe is brole dy break4 
ing off the Fail of the Drop; the ſaid - confined. Par 
ticles. have then Li to exert their Force, which 
they do hy burſting the Body of the Drop, and reducing 
it to a very peculiar Horm of Poder. This Theory 
ſeems to he . 2 making the Drop red hot, 
end * evo] gently. in the open Air, for then it 
— no ſuch Effect. 972 another Experiment feems t 
this Mypotheſis; and that is, by grinding away 
— art of the Drop on gat ps | 
Furt continues entire q and —— appears no maniſt 
Reaſon, why, it ſhould not ur burſt, into Duſt, if 
the internal Particles be the Cauſe of it, by this 


Means they muſt needs be ſet at Eiberty in the maſt 


ample Manner paffible : | Unleſs it be, that in Grinding, 
the. Y.acuitirs, between the n Particles are fill'd ih 
Wi 


"4 
Of the Auruttia of Exietzicrdy, 
Tu Second "Ppetier of Aterattim is that 


of Eiecrrical Bopi EB, as Glaſt, Amber, 
Seating-Wanx, Nes, cc. the principal Proper- 
ties of Which are m follow, (1) Thoſe 
Bodies anoadt others which are very light, as 
Feathers, Hairs, /LeafiBraſs, Gr. . (2 2 The 
Sphere of | Extent; bf thi attracting Power 
ins at dh Diſtance" of Arn we but, 


4 18) 1 
with the ' of t 1 — 1 TTY y the bard At- 
trition, and by this tek, Axing che Patticles of the 
Glaſs next the gtoneg ann thus deſtroying: titeir — 69 
Force, conſti 8 n * 
external Caſe, ch c nee. the Particles no Lets 
the athee. A hy as to be + conſitm'd 
* h touch d the — ng entire, 
of the Stone ls reduced 0 Bal breaking 
Tall by Gal att, 4s any ons wit Ss 
on Thin. „ Ane Si bor An ine 4ntt 161 7 nl 
ung i. Ja tt Somod u. 1 Viik 10 s 1 


By this wonderful and moſt extenſive power of Cor 
lar Artrnttion Art Replfhi, we agebunt for moſt 
or all the Rn of Navate, arihing from the 8 
17 Mixture and various Aſſdciatioms of Parti 
tent Bodies; but why, in ſome Caſes, thoſe 
tides hould readily utträct, and un others menge 
repel each other there has as yet been no demonſtrativs 
Reaſon affign'd. The Hypotheſis of 4 Polarity, or r Mag - 
metic Pay, in every Vartivie of Matter, 75 2 which 
are diſpoſed on one Part to attraity and of tlie eber de 
repel, in Manner of the Load-ſtone, ig as ſpecious as it 
is inge mou; but fince the Niwfohiant! Philoſophy, in fans 
 Garjbrital Principle! e wr ori A ſouttded'entiraly on the 
Baſis of experimental Frbof, or Demonſtration from 
netry, we 8 to be vareful how we introduce 
any Gonjdcture for Truth urllefs all Oiteumſtunets eun- 
clude and urge the ſame, which I believe is not the 
Caſe of that above-mentioned. 
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(3,).-It varies with the State of the Wen“ 
ther, being greateſt in hot and dry Mea 
ther, but weaker in warm and moiſt. 
| (4.) Ie may be communicated to a 
Diſtance, viz. ſeven or eight hundred en 
| by the Intervention of a proper Body) 45 
Hempen Strings, &6 Gee 6.) This Virtus it 
excited by Attrition, or hard 5 
we Hand or with" a Piece of Cloth, 
Will not be Produced: by the Warmth « 
Fire. (6.) It penetrates or pervades the 
Feted of 0G and, 17.) It e come. 
municated. to other „Badies, ſo as to render 
them leferie 00 If che Sphere of Ata 
taction be interrupted, on any Fart, it de- 
jroys the Efficacy of the Whole. (9.) By 
| | this” Virtue Bodies are not only attrated;, 
| but alle. repelled - alternately - to a ver 
ſenſible Diſtance, and with. 3 ſurpriling 
elocfty, (10. The. Body once . 
from the Tube will got be again 4 
by a al i it bas Belt, tuch d. — 
Body. = Bodies attraQed;" and -Rick- 
ing to the” Tübe, ill be chen attracted; 
W other, Bodies — electrical; — Fin- 
ger, Gr. e Virtue witl reiß its! 
| ſelf 5 1 Vag Ac, 88. Well 48 in Open Air. (134. 
It appears meid, Ando parkles Hike. F . Fog 
5 A Rim. a K. e & 


'\ 3BY7 10313-4314! } TI 130 "A 211 Las _ 


4s 


Ib: 6d. 


O the Aurak rin e Bunornerrv. 
the Far by a' crackling- Noiſe, Hke a green 
Leaf inthe Fire AIV. 
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" of 1. To the FRIES of Electrical Bodies, 
Wt. enumerited, de ſhalt add the following, —This 
Quality'i is of two Sorts, viz. — Vitteous Eltfricity, 
or that 2 belon 00 Cloſes zan 41 0 3 lec- 
lig, or that Which Won gs to 

Gums, and ſuch like Subſtances They are Fe 


ds, becauſe the TD ; wp: wp light 


ies repell'd by one will be attracted by the other, 
excited, hid cannot happen when n Bodies 
have the fame attractive Po) ] TT 


maT Reſpect alſo; for an Hem pen or Fla 
String will ———— of Gla 
TY to. an n ble Diſtance, to o 
non ric but will not im art it to, a Silk or. 
Hair a, — — is is the Reuſbn 
(wi 9555 Cakes . ore Wan 
192 . e Cores ricity) oon 
5 from! ears hs other In © motor rifi 47 
tre Vir © Thus alfo 7 — ba 


2. All Vegetable Fu ce iffer SE nil ove 
One 


axen Thread will, be green attractedqq d 
1 -atted. 


but if hung by a Silken String will not be aga 
after it is once repell'd; ind! vice viſa} wich pee to 
27 Or, Sealing- Wax. rr 


— iWocr 


hit upon — —— this: which _ — 

indicate that the dan? 5 ©, which regulate 

Motions" of the ahh] Nals is of the ae 

— Th 8 ens thus ye (fixed 5 Yar 

rou die-pf a lþ1 * 
wy Wax, "I . e Vixtue PR eons in W 
alk )F Feather. futgended By a Tread, HOY 

the . feen S m a! 

circular Manger, and eral Reyolpti ions. it. 


moved the ſame Way Wie Tae fr Wan to 
Eafty ane its Motion (like thein) was not quite cir- 
cuſar 


4% 


— — PP, ee 


. . ͤn-Rn ,, — 
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Gf the Hitratbian of Mae ETISM) 


run Third Species bf Attraction is che 
of the MacneT or Loa Ds TONE S the pria 
mary Properties whereof are the following! 


| (1) Bvery Joadftone has two. Points cal d 


Pale, which (emit the | Magnetic Virtue; 
(20 O of thoſe Poles attracts, 'the othey 
repels/ Nun but no: other Body. 13.) This 
Virtae: is / comtnunicated to Iron very copi- 
6ully by the Touch which renders it firohgs 
lyic Magnetic. ö.) A Piece of Iron ib 
touch'd by the. Loadſtone, and nicely fuſs 
pended on a ſharp Point, will be deter- 
minedoto ſtttle itſelf in a Direction nearly 
Nortb and South. (J.) The End of the 
Needie touch'd by the South Pole of the 
Stone will point Narrbwardt; and the con- 
trary. (6.) Needle touch'd by the Stone 
will dip below the Horizon, or be directed 


ace e Ra to 4 a eto the 
0 \Latth's 
udn 
exe buys Bd epi. 855 the whole ain 
Pbileſ. Trnſ. N* Al. 
any ——— of this d le dens med 
iinco ; but when they. are rightly confilents they will be 
found of no Service in accounting for the Motions of 
the Heavenly Bodies, which depend an much more ra- 
—.— certain nen we ſhall, — m- 
r or fi. 381655 1 Fee 
1 the firſt, Edition of du Work these hose been 
a great Number of new af he We and 1 
in EIIcraicirx and MAGNETISM, which we muſt 
by no/ Means ſuffer to be wanting in a 2 
of Philoſgphy, amd. therefore ſhall add an A to 
this, Lecture, giving an Account of the fame. 


Of the Aerruchi⁰= NH MAB IS 


Eatth's Surface;>. This:is: ealid the Di iþ- 
ping Needle.) (y.) This»Virtue: ig / alſa to 
be communicated: to Iron, by a ſtromg At- 
triton all one Way; whence Files) Drills, 
Sc. are always found to be Magnetical. 


(8) Iron Rods or Bars aciquire is Magnetic 


Virtue hy ſtanding lang in one Poſition, 
9.) Fire totally deſtroys this Virtus by 


making the Stone r Ito rell hot, (io) 
This Power is ezerted ſenſibly ta the Diſ- 
tance. of ſeveral Freti (I. it is ſenſibly 
continued through the Subſtance of Teveral 
contiguous Bodies or Pieces of Iron, a8 
Keys, &c. (12. ) It pervades the Pores of 
the hardeſt Bodies; and (.) Equalfy at- 
tracts the Iron in n. as in open Air 
re 161 ed ino! 29109997 2 IV 

Ib od 1, aoroH 5 Tu nsr, 


115 
(XVII 1. Tot the een of "0 Loadftone 

| hall 441 the following, viz. That the ſame Pole of the 
Stone will communicate to 2 Piece of Iron the Power 0 at- 
traftiniy or v. N Enil u touch'd Nezdle, 
drawing it 47 erent 2. Or thus, If a Piece 
of Iron be A ro 1 Right Hand and attracts, it 
will repe}/if Aran to eee which is not a lirls 
wonderful,” 5 0t nine Ni S5ivice « but 

2. 1 hahe o entiases, eye fart” erde of 44 Hane 
mer on the untbuch'd End of ths Dipping Needle 
cauſed the Magnetic Virtue to come all to chat Tul 
from the other, fo' d to make t Ag of that Side as 
much us it did en the ether Jide before: Ani n che 
contrary, I have by 'ſuch a Stoke ſometimes made it 
#0 much more on the toueh'd End than before! A ode ah 
ſometimes by Ririking it, the ee 


3 


— — - -_ pe — 


- ——— . EE Aer ] . ü.. 7r«ßĩ,ö,i5j]' , AE EO: — 


Plate II. 
Fig. 1. 
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Tusk, and many others are the Pro- 


Pers of a Body, not more Wg 
chan uſeful to Mankind. 9 817 


| beldre, will be reſtor'd t to its "dana 1 1 this 


irtue had; made its Eſcape, or were uniforin dif- 
fuſed over all the Needle. So capricious are the P no- 
e! this amazing ower., 
«ith There is a very curious Method of rend ering 
le the Directions which the Magnetic Effluvia take 
in going out of the Stons: Thus, let A B, CD, be the 
Poles, of the Stone; about every Side gently ſtrew ſome 
Steel-Filings on a Sheet of white Paper ; theſe ſmall 
Parti cles will be affected by the Effluvia of the Stone, 
and ſo poſited as to hey the Courſe and Direction of 
the Magnetic Particles on every Part. Thus in 
Middle of each Pole between A B, and D C, it ap 
go nearly ſtrait on; towards the Sides it it . . Fins 
more and more curved, till at laſt the Curve-Lines from 
both Poles exactly y meeting and coinciding, form nume 
berleſs Curves on, each Side, nearly of a circular Fi- ; 
hw as repreſented in the Diagram. This ſeenis 
that the Magnetic Virtue emitted from one Pole 
bog = ah to and enters the other. 
Cauſe of the Variation of the Needle haz 
FAT d hitherto without a any demonſtrative Diſcovery; 
1 fince its Declination, and Inclination, {or Dippi 
both of them manifeſtly indicate the Cauſe. to 
ſome where in the Earth, it has given Occaſion to 
loſophers to frame potheſes for a Solution, Ne 
make the Earth a large and. general net or 
ſtone, of which a the leſſer ones are but ſo man Parts 
or Fragments, and, being poſleſs'd of the ſame, Virtue, 
will, when left to move freely, have the ſame Diſpsfi- 


tion, and Similarity, of Poſition, and other Circum- 


nces. 

5. The mol Shuſtderable of theſe Hypotheſes 3 is that 
of the Jate ſagacipus Dr. Halley, which, js chi 
{Globe of the Earth Is ane great Magnet, having four 
wetical Poles or Points Attraction, near each Pale of yk 
Equetor two ; and that in thoſe Parts of the World w ich 


lie 


of the Attraftion of MAGNETISM. 


le near adjacent to any one of Magnetical Poles, = 
Needle is chiefly Pee TN E Pole be 

ways —— „ ire — 

Poles, that which is n to us, uppoſes to 

the Meridian of the Land's End, and aboüt 202 50 
grees from the North Pole of the World, which 895 
verns the Variations in Fu 


North Sea ; the other he PN a: a * 5 


thr” California, about fifteen Degrees from the 
Pole of the World, which-goverins the Needle i 
America, and the Oceans ore either Side. In like 7 5 


ner he accounts for the Variations in the Nr He- 


miſphere. See Philzſ. Tranſ, N 148. 

6. The Variation of the Nene from the North "Wy 
South Points of the Horizon not being the ſame, - 
variable in different Yearsand"in"a diverſe Mannet'i 
different Parts of the Earth, made the Doltor farther 


conjecture, enge two of the Magnetic Poles were Hxed, « 
ad two moveable; and in order to make this ut, ke 


ſuppoſes the external Part of the Earth to be a' hell ar 

Cortex, containing within it a Magnetic moveable Nu- 

cleus, of a lebst Form, whoſe entre of Corner is 

the lame with that of the Earth, and moveable 'abou 

the ſame Axis. 574 Al W431 Wade 1 8 a 
7. Now if the Motions of both "the Shell 15 


Nucleus were the ſame, the Poles of 855 woul 
have the ſame gon to esch coor] but he 


the Motion of the . Add very mall Matte TOY 


than that of the Shell, Which et is 1 25 fenſible in 


5 Revoluti and if 7 oe M. netic Poles: of th 
Hens will by g Degree a Diſtance fro 


the etic Poles r the Shelf, d thus cauſe a Va- 


riation in that Needle's Variation, Which is govern'd' by 


the moveable * of the Nucleus; While that yo 
ation which reſpects the =P Poles of the Magh 
Shell remains more con 5 ? 1.5 155 
— is not obſerved 60 b K "ts "as in N 
Parts of Fur rope, And it appears from fome late Ac: 
counts, that in ſome of the tiorthertimoſt Parts of the 
922 the rng loſes Ky Mag Ce and W rde 
recove again by laying the edle by. a re, 
and keeping it ins heh N | 0 
8. What 
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Plate I, 
| Fig. 20. 


Plate II. 
Fig. 2. 


' for the Dipping of the Needle | 


of the Needle is variable and ſubject to no regular Cm 
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8. . | 
has na where, that I nom of, undertook to 
+ this Hypethetin that 


the Invention. of this (by Mn, aus). was bole _ 
of the Change of the Nane Hariatium (by Mr. 


, Sandy) ger ti oe eee Nis Plan | 


mManon'iis ex But we apes. yet ſo wan 


accurate 8 the, Needle, Jndhin on BIG 


41 
Graham. 


Rave of its. Variation, whi 
By feveral Experiments 
made it appear, that the. ity, of che 
clination to the horizontal. Line was an Angle of about 
{4 or 75 Degrees: That ia, ſu AB a .tourli'&. 7 
cedle, fpported on the Point C of the Pig. CD, it 
wilh contain an Angle AC H or B CO with.the ho- 
zontal HO of 74:0s 25 Degrees. | 
9. The Variation . the Needle has within « Conch J 
tury paſt undergone à remarkable, Aliexation 3 for at | 
London it was obſeryed: by Mr. Burrays in, the. ens 
1580 ta be 11% 15, Faſt; that is, if N, S. Rr, 
the North and South Points of the Horizon, and E, W. 
the Kaſt and Weſt Pointa, the Needle then hac the 8. 
tuation A B, ſo that the Arch NB A 4. After: 
that, in the Vear 1622, it was obſerved by G ' 
to be but 6* Eaſt. In the Year 1634 Mr, Gellibrand 
obſeryed ĩt to be 4%. . Eft. In 3657,,it-was-oblervet 
Mr. Bond to be et ene wa that is, the Needle 
itſelf then in the Situation & N, and pointed} di- 
realy to the North. After this, in the Year 3674, Dre: 
obferyed it to he 27. ek Weſtward 1 and agein 
in the Year 1692, he. * it 6% Weſt... Since then, 
in the Year 1722, Mr. Grabam, by moſt accurate Ex- 
periments, found it to be'14*, 17. And at preſent u 
is very near 22 Degrees ; by ſome accurate Qbſervass 1 
tens this Summer it was found to be 21 50; 7 | 
10. The Variation of the Declination and Jnolindtiaw 


1 


putation. What the Quantity of both Sorts of Varied 
tion is in the ſeveral Parts of * World, will be ſne wn 
in Dr. Halls Map of the World, improved Row 2 1 
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Of ile dttraStion.of Mxexzriu 47 
Obſeevatians: of Mr. Puma which is inſerted at che 
od of the Lc run n Wim and Sound. 
11. L think the Law of Magnetic Attraction is not 
yet aſcertained; Sir Iſaa Neuron ſuppoſas it to decreaſt 
nearly in tha Triphcate Rave of: the Diſtance :: But Dr, 
Haun trying the Experiment, with his:Laadſhone, = 
found: it t beias the Sguaret of the Dr ftances invericly; 
And:thePowen of my Loadſtone decreaſea in a different - 
Manner from either, it being in the Seſqwiplicate: NH. 
af the Diſtances: inverſely; For Exatintly, I made a 
ſquare Hat aſ Iron:juſk 4 of n Inch thick; and then 
provided three Pieces of. Wood of: the fene Farm, and 
Ehiokneſ® ptgiſely., 'Thempailing the Loadfione-veny 
niddly at tha End of a Balanod which would:turn- wi 
lea than a Grain, I placad under id the Iron with fant 
one Pitre of Wood, then to Pieces, and laſtiy all 
chrer / Pieces upon it, by which means. the Steel Points 
of che Pole were kept! at % , 3 of an Inch from tha 
kao, and in thoſe Diſtaneaa tha Weights] pus inte; the F 
oppolite Shale to raiſe the Loadftone fim the Woud <= > © 
(which it tauch d while the! Beam was horizontal); were | 
aa blah co ods ment bun Hos boBonte 
0 wich ; een aury 
DE. 4 — x56 1:56 — 1560 — 156 4 » 
ances J — 88 — 39 19, — 36 
3 — 29 + 17 — 6 — 30 
12. Whence it appears, that the Numbers ;af Grains 
td counter · act the Fower of the Eoadftone in theſe Diſ- | | 
tances approach very near, anch are almoſti the ſanie | 
with.thaſe which are in the Se/pruplicate Ratio, hut art 
widely different from thoſe, which are in the: Dapii aur | 
or Triplicate Ratio; and. this. Experiment E tried feveral 
Times foxeach, Diſtance, and: with: ſcaroe any Variation 
1 | { a. v5 tht 2fT 3 
n Purer or Force ob Magnets ia generally 1 LS 
greater im Gnall than in large ones, in raportion. to | 
their. Bulls It is very rare tinat very large ones: wall | 
uke un more. than. 3 or 4 Times, their own Weight; | 
but. a ſmall — gaad that will take 
up no more than 8, 10, or 12 Times ita Meight. The 
Honourable Mr, Berkley, at Bruton, has = — 
; eight 


3 


Fig. 3. 


Will acquire the 


Fig. 7. 


Of the Attrattion of Mae vfl 


Weight (with the Armature) is but 43 Grains, which 
will take up 1032 Grains, which is 24 Limes its Wei 
But that of Mr. Netutan (which he wears in his Ring, 
inſtead of a Diamond of leſs Value) which wei 
ſcarce Tun Grains, will take up 4 Grains, Which 
is 250 Pimes its Weight, which * far the ftrongeſt 
and beſt of any I have ſeen; and therefore, as aigreat 
Curioſity, I have om NO HY and STONE 
with the Iron hangi 
14. Iron Bar by and ing long in the ſame Poſition 
Firs to à ſurpriain Fase 
3 have ſeen — 10 Feet ng 2 
ick, (ſupporting the Summer Beam of a R nd 2 Inch 
has been able to turn the Needle at 8; or 0 Per Di 
tance, and exceeded a Loadſtone of 3; Pounds Weight, 
From the middle Point. it was a North Pole 
and downwards a South Pole; and I have by me an Tron 
Rod which has ſeveral Poles or Parts which change the 


Poſition of the Magnetic Needle: It is the Beam of 4 
yp e . which let AE ent; chen at 
from ce to B, the North End of the Needle i 


attracted; at B, and from thence to C, the North End 
is repelFd and the South End attracted; from C to D, 
the North End. is again attracted and the South End re. 
pell'd, and from D to E the South End is attracted, and 
de North End repell'd ; laſtly, at the End E begidi 
* — Pole, and there the Needle ſtands nearly pa- 
rallel with the Beam, with neither End attracted. 
- Th. It will be proper here to acquaint the Reader with 
the ſeveral Methods of communicating - the M 
Virtue to Iron, in ſo great a D that ſuch. a Piect 
of Iron or Steel is deſerved] e 
or Load/ione ; and as it es all the P ies, 10 it 
is uſed to all the Purpoſes of the Natural ſtone. 
16. — firſt Wayo * br-fry 2099 bp Artificial Magnet is 
teel Laminæ, or thin Plates, about 


6 or 8 — — and half an Inch broad ; theſe well 


iſhed, and properly touch'd on a ſtrong Loads 

vg at each End, — put — and arm's 

with Steel Points like the common Stone, will become 

8 | 4 A 
17. 
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Of the Attraction of MasNRETISNM. 
17. A ſecond Way is b ing ſolid Pieces of 
Steed, and having ee * : 
poliſhed, and armed them with Steel Armour; if then 
one of them be properly held in the Magnetic Meri- 
dian Line, and the other which is armed be drawn 
ſeveral Times along it, it will conceive a great Degree 
of Magnetiſm; if then the Armour be removed from 
this. and placed on the other, and that in like Manner 
touched on this, it will become magnetical; But tg 
deſcribe the particular Manner, with all its Circum+ 
ſtances, would be too tedious; I ſhall therefore refer 
the Reader to the Account given by the reputed In- 
ventor, Mr. $ *, who was the lt that publiſhed 
any confiderable Diſcoveries relative to Artificial Mags 
vetiſm; but I have heard Mr. Lovelace, ſenior, 
that he was, before that Time, poileſied of the Secret: 
and communicated it to Mr. Savery. 
18. A third Way is to provide a Piece of Steel, and 
continue rubbing it very hard all one Way with a po- 
liſhed Steel Inſtrument, which will, by this Sort of 
Friction, conceive ſo great a Degree of Virtue, as to 
become an Artificial | - uy of greater Force, very 
often, than the natural ones. A ſmall Piece of Wire 
thus ordered, will be as tender, and point as nicely 
Northwards, as any one touched by the _ Magnet. 
19. A fourth Way is to heat a Piece of Steel red hot, 
and then. quench it in Water, being held therein in 
ſuch a Pofition as the Dipping-Needle takes when ſul- 
pended on a ſharp Point, 1 his Method will ſucceed 
only in the Hand of thoſe who by frequent Trials have 
acquired a peculiar Sagacity this Way; and indeed the 


ſame may be faid of all the others. It is Experience 


only that gives a Perſon the Ingenuity neceilary for 
ſucceeding in all ſuch Affairs. : 

20. A fifth Way is by ſetting a Bar of Iron or Steel 
in a proper Place, and there letting it ſtand for a long 
Time in a Poſition unaltered, and it will acquire a very 
great Magnetic Virtue, as has been already taken No- 
tice of; a perpendicular Poſition is beſt; and the larger 
the Bar, and the longer it ſtands, the better or ſtronger 
it will be. | | 


* Philo. Tranſ. Ne 414. 
Vor. I. E 21. A 


to a proper Figure, 
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21. A ſixth Method of giving this Virtue to Iron in 

a ſurpriſing Degree, and alſo to the Loadſtone itſelf, 

yea of altering or reverſing its Poles, and difpoſleſſing it 
of its Virtue, almoſt in any Manner, was long a Secret 
in the Hands of a few, but is now welt known; and 
for the Reader's practical Entertainment, as well as 
Inſtruction, we fhall give a Plate in the following Ap- 
pendix, reprefenting a particular Method of communi- 
cating this Virtue in the greateſt Degree, as invented 
by a Gentleman well known for a peculiar Enchireſis 
and great Succeſs in Magnetical and Electricul Experi- 
ments. 
N. B. Since the following ArrENDIxX on ELgcTRI- | 
ciTY was printed off, I have been appriſed of a New 
Diſcrvery highly conducing to the IHuſtration of that 
hitherto almoſt unintelligible Subject. A Stone (faid to be 
brought from the Iſle of Ceylon, and is called Taur Ma- 
lin) Kas lately been found to be poſſeſſed of the Elec- 
trical Property in a very ſingular and ſurpriſing ner. 
It is the fir/? Stone, or hard and unelaſtic Body, I be- 
lieve, that was ever experienced to be electrical. It is 
the fir Fubject that has been found to bave the electric 
Virtue excited without Friction; for Heat or Warmth 
alone is ſufficient to render it very ſenſibly electrical. 
It is —_— Sub lance found to poſſeſs a twofold Spe- 
cies of Electricity ; Glaſs has only one Sort, and Am- 
ber only one other, contrary to the former; but this 
wonderful Stone poſſeſſes b:th Sorts, the Vitreous on 
one Side, and the Reſinous on the other; in ſhort, all 
Kinds of electrical Experiments are ſhewn by it alone; 
which can be ſaid of no other Body. It is ſuppoſed 
this Diſcovery will tend greatly to illuſtrate, if not 
wholly confirm, the new Doctrine of Ele&rical Thunder 
and Lightning. 
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Concerning the Improvements and new 
Experiments in ELECTRICITY. 


= HE Improvements. in Electricity 


have been ſo great and numerous, 
tat it would be almoſt in vain to 
attempt even the epitomizing of them all. 
We muſt therefore refer our inquiſitive 
Readers to the ſeveral Authors who have 
wrote on this Subject; but ſtill we think 
it neceſſary in a Treatiſe of this Kind, that 
there ſhould be a larger Account of this 
wonderful Power than what was given in 
the firſt Edition of this Work; and there- 
fore we have added by Way of Appendix, 
two Papers of Experiments by Mr. Ca N- 
TON, as we find them in the Tranſactions 
of the Royal Society. The firſt of which 
is contained in N LIII. of Vol. XLVIII. 
Part I. The Title of which is, 
E 2 Electrical 
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Electriaal Experiments, with an Attempt to 
arcount for their ſeveral Pbænomana; to- 
gether with ſame Obſervations on Thunder- 
| Clouds, by John Canton, Ad. A. and 
F. R. S. 31 


ROM « we Cieling, or any convenient 
Part of a Room, let two Cord- balls, 


each about the Bigneſs of a ſmall Pea; be 
ſuſpended by Linen Threads of eight or 


nine Inches in Length, ſo as to be in dom. 
tact with each other. Bring the excited 
glafs Tube under the Balls, and they will 
be ſeparated by it, when held at the Di6- 
tance of three or four Feet; let it be 


brought nearer, and they will ſtand: farther 
apart; intirely withdraw it, and they will 


immediately come together. This Expe- 
riment may be made with very ſmall Braſs 
Balls hung by Silver Wire; and will ſue- 
ceed as well with Sealing-wax nn cle dri 
cal, as with Glaſs. 


Experiment 2. 


Ar two Qarle-Bails be ſuſpended: by - dey 
Silk Threads, the excited Tube muſt be 
_— wittlin eighteen Inches before they 

will 


Arr EN DIA. 


will repel each other; which they will con- 
tinue to do, for ſome mes .after the Tube 
is taken away. 

- As the Balls in the fir Experiment. are 
nat inſulated, they cannot properly be ſaid 
to be electrifſied: But when they hang 
within the Atmoſphere of the excited Tube, 
they. may attract and condenſe the elec» 
trical Fluid: round about them, and be ſe- 
Parated by the Repulſiog of its Particlgs. 
It is conzeclured allo, that the, Bally: at this 
Time contain leſs chan their common Share 
of the elccrical Fluid, on. Account of the 
repelling Power of that which ſurrounds 


them; though ſome, perhaps, is continu- 


ally entering and paſſing, through, the 
Threads. And if that be the Caſe, the 
Reaſon is plain, why the Balls hung by Silk, 
in the ſecond Experiment, muſt be in 2 
much more denſe Part of the Atmoſphere of 
the Tube, before they will repel each other. 
At tbe Approach, of an excited Stick of 
Wax to the Balls, in the firſt Experiment, 
the electrical Matter is ſuppoſed to come 
through the Threads into the Balls, and 
be condenſed there, in its Paſſage towards 
the Wax: For, according - 40 Mr. Franklin, 
excited Glaſs emits the electrical Fluid, but 
excited Wax receives it. 

| * 3 Experi- 
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8 3. . 

tas, a Tin Tube, of four or five Feet 
in Length, and about two Inches in Dia- 
meter, be inſulated by Silk; and from 
one End of it let the Cork-balls be fuſs 
pended by Linen Threads. Electrify it, 
by bringing the excited Glaſs Tube near 
the other End, ſo as that the Balls may 
ſtand an Inch and à Half, or two Inches 
apart: Then, at the Approach of the ex- 
cited Tube, they will by Degrees loſe their 


repelling Power, and come into Contact; 


and as the Tube is brought ſtill nearer, 


they will ſeparate again to as great a Diſs: 


tance as before: In the Return of the 
Tube they will approach each other till 
they touch, and then repel as at firſt. If 
the Tin Tube be electrified by Wax, or the 
Wire of a charged Phial, the Balls will be 
affected in the ſame; Manner at the Ap- 
proach of n Wan or che Wire of as 
owed Dv 


Experiment 4 


ELECTRIFY the. Cork-Balls as in the laſt 
Experiment by Glaſs; and at the Approach 
of an excited Stick of Wax their Repulſion 
will be increaſed. The Effect will be the 

5 | ſame, 


A PEN IXI 


ſame, if the excited Glaſs be brought to- 
wards them, when _ te been electrified 
by Wax. 0 115 NTS Tacl 
Tu bringing the barry Glaſs to — 
End, or Edge of the Tin Tube, in the 
third Experiment, is ſuppoſed to eleQrify: 
it poſitively, or to add to the electrical 
Matter it before contained; and therefore 
ſome will be running off through the Balls; 
and they will repel each other. But at the 
Approach of excited Glaſs, which likewiſe: 
emits: the electrical Fluid, the Diſcharge) of 


2 e ebe Bert epi 


Part will be driven back, by a Force act - 
ing in a contrary Direction; and they will 
come nearer together. If the Tube be held 
at ſuch a Diſtance from the Balls, that the 
Exceſs of the Denſity of the Fluid round. 
about them, above the common Quantity 
in Air, be equal to the Exceſs of the Den- 
ſity of that within them, above the com- 
mon Quantity contained in Cork; their 
Repulſion will be quite deſtroyed. But if 
the Tube be brought nearer; the Fluid 
without, being more denſe than that within 
the Balls, it will be attracted by them, 
and they will recede from each von 
=” oy i wa % 10 ave. byiinzy 1 

Kew TIN E 4 «9165 Wurn 
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une the Apparatus has loſt Part of 
its natural Share of this Fluid, by the Ap 


proach of excited Wax to one End of ity 
or is 'cleatified negatively; the electrical 


Fire is attracted and imbibed by the Balls 
to ſupply the Deficiency ; and' that more 
plentifully at the Approach of excited 
Glaſs, or a Body poſitively eleatified; than 
before; whence':the | Diſtance between the 
Balls will be increaſed, as the Fluid ſur= 
rounding them is augmented. And in ge- 
neral, whether by the Approach or Receſs 
of any Body; if the Difference between the 
Denſity of the internal, and external Fluid 
be increaſed. or diminiſhed ; the Repulſion 
of the Balls will be increaſed, or GO 
pecondingly. 5 | ſ 


f = 
T7, v4 3 + vil 


8 Experiment. "i 


- Wax N the. inſulated Tin Tube is not 
dectrifted, bring the excited Glaſs Tube 
towards the Middle of it, ſo as to be nearly 
at Right Angles with it, and the Balls at 
the End will repel each other; and the 


' more, ſo, as the excited Tube is brought 


nearer. When it has been held a few Se- 
conds, at the Diſtance of about fix Inches, 


withdraw it, and the Balls will approach 


each 


$365 3 . 
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euch other till they touch; and then ſepa- 
rating again, as the Tube is moved farther 
off, will continue to repel when it is taken 
quite away. And this Repulſion between 
the Balls will be increaſed by the Approach 
of excited Glaſs, but diminiſhed by excited 
Wax; juſt as if the Apparatus had been 
eletrified by Wax, after the Manner! de- 
ſcribed in the _ ee nz 
| dy N 


\Exteriatant 6. . 


"INSULATE two Tin Tubes; Aan 
by A arid B, © as to be in a Line with 
each other, and about half an Inch apart; 
and at the remote End of each, let a Pair 
of Cork Balls be fuſpended. Towards the 
Middle of A, bring the excited Glaſs" Tube; 
and holding it a ſhort Time at the Diſ- 
tance” of a few Inches, each Pair of Balls 
will he "obſerved tb” ſeparate : Withdraw 
the' Tube, and the Balls of 4 will edme 
- together, and then repel each other again; 
but thoſe of B will hardly be affected. By 
the Approach of the excited Glaſs Tube, 
held under the Balls of A, their Repulſion 
will be increaſe@:.” Bit ik che Tube be 


bv ht, in the fate WiInger, 9. 


[ls of B, their . will be di- 
mines, 


Ix 


$7 


4. 
* 8 


\ 


Stock of electrical Matter in the Tin Tube, 


APPENDIX» 
In the fifth Experiment, the common, 


is ſuppoſed to be attenuated about the 
Middle, and to be condenſed at the Ends, 
by the repelling Power of the Atmoſphere 


of the excited Glaſs Tube, when held near. 


it. And perhaps the Tin Tube may loſe 
ſome of its natural Quantity of the elec» 
trical Fluid, before it receives any from 
the Glaſs ; as that Fluid will more readily 
run off from the Ends or Edges of it, than 
enter at the Middle: And accordingly, when 
the Glaſs Tube is withdrawn, and the Fluid 
is again equally diffuſed through the Appa- 


ratus, it is found to be electrified negatively: ; 


For excited Glaſs brought under the Balls 


will increaſe their Repulſion. 
In the ſixth Experiment, Part of the 


Fluid driven out of one Tin Tube ent rs - 


the other; which is found to be electrified 
poſitively, by the decreaſing of the Repul- 
ſion of its Balls, at the Approach of el 
n | 


oo Eper -5 K 2 TN, 
LET the Tin Tube, with a Pair of Balls 
at one End, be placed three Feet at leaſt 
from any Part of the Room, and the Air 


rendered very dry by Means of a Fire ; 
Electrify 
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FlGAzify the Apparatus to à conſiderable 
Degree: then touch the Tin Tube with 4 
Finger, or any other Conductor, and the 
Balls will, notwithſtanding, continue to re- 
pel each other; though not at ſo great. a 
Diſtance as before. 12 
THE Air ſurrounding the Apparatus to 
the Diſtance of two or three Feet, is ſup- 
poſed to contain more or leſs of the dee 
trical Fire than its common Share, as the 
Tin Tube is electrified poſitively, or nega- 
tively; ; and when very dry, may not part 
with its Overplus, or have its Deficiency ſup- 
plied ſo ſuddenly, as the Tin; but may con- 
tinue to be electrified, after that has been 
touched for a conſiderable Time. » 


| Enes 8. 1 
HviNG made the Torricellian Vacuum 
about five Feet long, after the Manner 
deſcribed in the Philoſophical Tranſactionc, 
Vol. xlvii. p. 370. if the excited Tube be 
brought within a ſmall Diſtance of it, a 
Light will be ſeen through more than half its 
Length : Which ſoon vaniſhes, if the Tube 
be not brought nearer ; but will appear again, 
as that is moved farther off. This may be 
repeated ſeveral Times, without OY the 
Tube afreſh, 
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Balls electrified by Glaſs, and the other Half 


ANN BN: D 1X» 


Tuts Experiment may be conlidered 
ny af ocular Demonſtration of cb. 1 
05 Mr. Franklins Hypotheſis; that, wh 

fledrical, Fluid is condenſed on ong 4 bid 
of Thin Glaſg, it will. be elled from che 


other, if it meets with no Reſiſtance, A 


cording to Which, at the Ap pproach 'of, the 
Se Tube, M8 i is Gnpoled.to he ty 


ing the Vacuum, and Po bs. car; 
through the Columns. of Mer cury.; 
the Tube is withdrawn, the Fi ire is rar 
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pelled from the Inſide of the Glaſs 1 0 


Experiment * 9. 
ar an excited Stick of Wax, of two = 


1 


and an Half in Length, and about an Ir 


in Diameter, be held near its Middle. Ex- 
cite the Glaſs Tube, and draw it over pne 
Half of it; then, turning it a little about 
its Axis, let the Tube be excited again, and 
drawn over the lame Half; and let this Ope- 
ration be repeated ſeveral Times: Then 1. 
that Half deſtroy the repelling Power 


will increaſe it. 

By this Experiment it l that War 
alſo may be electrified poſitively and nega- 
tively. And it is probable, that all Bodies 

a whatſoever 
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bene may have "the Quantity 
contain of the electrical Fluid, - 2 


or diminiſhed.” The Clouds; I have oh 


ſerved, by a gr t Number f Experiments, 
to be forme in a poſitive;-und others in 
negative State of Electricity. For tile 
Cork-Balls,/ elerified by" them, will Torme- 
times cloſe” at” the Approach" of excited 
Ulaſs; and at other Tinits' be ſeparated t6 

ter Diſtance.” And this” Change I 
412 to happen five” or fix Tint 


in lefs than Half an Hur; the Ballo com- 


ing together each Time, and remaining 
in Contact a few Seconds, before they re- 
pel each other again. It may likewiſe 
eaſily be diſcovered, by à charged 'Phial, 
whether the electrical Fire be drawn out 
of the Apparatus by a negative Cloud, or 
forced into it by a poſitive one: And by 
whichſoever it be electrifled, ſhould 'that 
Cloud either part with its Overplus, or 
have its Deficiency ſupplied ſuddenly,” che 
Apparatus will loſe its Electricity: Which 
is frequently obſerved to be the Caſe, ih 
mediately after a Haſh of Lightning. Vet 
when the Air is very dry, the Ap} 
will continue to be electrified for ten Mi- 
nutes, or a Quarter of an Hout, after the 
Clouds have paſſed the Zenith; and ſome- 
'A times 
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Summer, I believe never 
Apparatus was laſt electrified, it was by 
the Fall of thawing Snow; which hap- 


Arr END 
— they appear more than Halfway 


towards the Horizon. Rain, eſpecially 
when: the Drops are large, generally: brings 


down the electrical Fire: 


And Fail, i 
Hils When, de 


pened ſo lately, as on the 12th of Novem- 
ber; that being the twenty- ſixth Day, and 
ſixty-firſt Time, it has been electrified, 
face it was firſt ſet up; which was about 


| the Middle of May. r And as Eahrenhett's 


Thermometer was but ſeven Degrees above 
freezing, it is ſuppoſed the Winter will 
not entirely put a Stop to Obſervations ef 
this Sort. At London, no more than c 
Thunder-Storms have happened during the 
whole Summer: And the Apparatus was 


| ſometimes ſo ſtrongly electrified in one of 
. them, that the Bells, which have been fre- 
- quently rung by the Clouds, ſo loud as to 


be heard in every Room of the Houſe. (the 
Doors being open), were filenced by the 
almoſt conſtant Stream of denſe electrical 
Fire, between each Bell and the Braſs Ball, 
which would not ſuffer it to ſtrike. | 
1 $HALL conclude this Paper, already too 
long, with the following Queries : 


1. Mar 
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1. Max not Afr, Walenly reriftsch- give 
electrical Fre to, and Air ſuddenly” con- 


denſed, receive electrical Fire from, Clouds 
and Vapours paſſing through $83 od ren 
2. Is not the urura Borealis, the Fluſh- 
ing of electrical Fire from poſitive; towards 
negative Clouds at a great Diſtance, 'through 
the upper Part of the eyes pre where the 
Reſiſtance is leaſt? a n tee 280077 ; 236 
31 | Semi: vr 
As the —ä— inthe of the foregy- 
ing Paper has given no Plate to illuſtrate 
thoſe Experiments with Figures; and as 


he has ſince contrived to ſhew them in a 


more neat and elegant Manner by Means of 
Drinking-Glaſſes, wwe ſhall therefore repre- 


ſent the Experiments this Way, as it may 


be eaſily practiſed by any private Perſon 
for his own Amuſement. | Therefore, in 
Fig. 1. let AB and CD repreſent two 

Pieces of Wood about ſix or — Inches 
long, half an Inch wide, and 4 of an Inch 
thick; and at the End of each, let two ſine 
Flaxen Threads be fixed; of about ſix Inches 
in Length, with two round Balls (about the 
Size of a white Pea, made of the Pith of 


Plate I. 
to this 
Appen- 
dix. 


Elder) be ſuſpended; then if the excited 
Tube be brought under the Balls at B, they 


will ſeparate, and repel each other, while 


the 


Circumſtances which have been mentientd 


Ar TRENDY 


be but half what it was at firſt between- 


the two Balls at B. This Caſe is repres 
ſented by the two Pieces of Wood at E 
Tu Pieces of Wood at IK and L 


% 


_ repreſent the Caſe of the ſixth Expert 
ment, where the Balls of L M are eleQri> 


fied negatively, and thoſe of IK poſitively. 

Ta1s Method of ſupporting the Pieces of 
Wood with the Balls on. Olaſſes, may e 
applied to a great Variety of curious Expt 


riments, with regard to poſitive and nega- 


tive Electrification, under all the different 


in this Paper, and in thoſe that follow ad 
the next by the ſame Author. 0 
Tur Torricellian Vacuum, mentione 
in the eighth Experiment, is here repre- 
ſented in Figure the 2d, where 4à c repre» 
x ſents 


a a oF _DÞoeouS tQocaut#t 


r eee 


8 e 


ſents a hollow incurved T 


e v . . tri = 


Arr. 

" Glaſs 
whoſe Heighth 4 is about ee Feet. This 
Tube is firſt filed with pure Mewkeys and 
then the Orifice of each Leg is inverted in 
two ſmall Baſons g Mercury 4 6. The 
Mercury in the T ſubfide from the 
upper Part c to the equal Heighths u o in 
each Leg; then will there be a Vacuum 
as in the common Barometer, in all ww 
upper Part of the | Tube, This Tube 0 
then fixed in the Frame A B C D, either 
hapſed or tied on with Strings, as repre. 
ſented at 4g ef e, which Frame is faſtened 
to the Side of the Room. If now, from 
the Prime Conductor i +, a Wire or Flaxen 
String 5 carry the electric Matter to the 
Baſon 6, it will run through the Quick- 
Silver into the vacuous Part of the Tube, 
and produce the ſurpriſing Appearance of 
a Torrent of electrical Fire in the darkened 
Room, which will continue as long as is 
electrical Machine is in Motion. 

THE 3d Figure repreſents a tall Glaſs Re- 
ceiver, exhauſted by the Air-Pump; and a 
pointed Wire paſſing through a Cork in 
the Top conducts the electrical Fluid from 
the Machine to this Vacuum. The Ma- 
chine being put in Motion, and the Room 


darkened, the Spectator will obſerve the 
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Elea deſcending from the Point of the 


Iron, in the Appearance of a liquid Stream 


of Fire, of a pale whitiſh Hub, like Phoſhho- 
rus, and of a thick Conſiſtence, like Cream; 
which plainly, ſhew. that. the electrical Mat- 


+ Tz - 72 
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ter, as it is prodtic "From common Bo- 
dies, 18. of a very different Nature from 


the Matter of common Light or Fire, 4 
it hath a very different Colour, Smell, and 
Confiſtence ; ; and that it is not the pure 


| Matter of Light, or indeed any Thing 


ſimilar to it, is evident from hence, that 
it has no different Refrangibility in its 
Rays, which is the well known Pro- 
perty of Light; and therefore upon the 
Whole we may conclude, that if Light- 
ning, the Aurora Borealis, &c. be the Ek 
fects of Electricity, the Matter is ſtill ſup- 
plied to the Clouds and the upper Regions 
of the Air from the Earth below, in the 
manner as Sir Jaac Newton has taught in 
his Book of Optics, and which we have 


already taken Notice of in the 2 Part of 
this Lecture. 


ANOTHER of Mr. Canton's Papers is con- 
tained in Number XCIII. Part II. of the 
ſame Vol. under the following Title: 


"RI | A Letter 


r ESR 


LY 


Are ee Bhs N 


4 Letter to the Riche — the Earl of 
Macclesfield, -Prefident of the Royal Society, 


concerning ſome new electrical Experiments, 


4 John Cantos N. A. 
9 * 
My Lord, 


be 


and F. R. S. 


8 M fines the Dares of 
it in the Clouds and Atmoſphere, is 


become an intereſting Subject to Mankind; 
your Lordſhip wil not be diſpleaſed with 


any new Experiments or Obſervations that 
lead to a farther Acquaintance with its 


Nature and Properties. 


THE reſinous and vitreous Electricity of 
Mr. Du Fay, which aroſe from his obſerv- 
ing Bodies of the one Claſs to attract, what 
thoſe of the other would repel, when each 


were excited by Attrition, received no 
Light till the Publication of the ſecond 


Part of Mr. Frankhn's Experiments; where- 


in it appears, that the one Kind of Bodies 
electrify poſitively, and the other negatively; 
that excited Glaſs throws out the elec- 
tric Fire, and excited Sulphur drinks it in, 
But no Reaſon has yet been aſſigned, why 
vitreous Bodies ſhould receive, and reſinous 
Bodies part with this Fire, by rubbing 
them. Some Perſons indeed, of conſide- 

i rable 
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rable Knov tige in theſe Matters, 1955 
ſuppoſed the Expanſion. of ' Glaſs, whett 
heated by Friction, to be the Cauſe of its 
receiving more of the electric Fluid than 
its natural Share; but this Suppoſition 
cannot be mee W regard to Bodies of 
the other Sort, ſuch as Sulphur, Sealing- 
Wax, Ce. which part with it When 

treated in the ſame Manner. The follow- 
ing Experiments, firſt made at the latter 
End of December 1753, and. often repeated 

| ſince, may perhaps caſt new Light on this 

4h difficult Subject. 

| | HAviNG rubbed a Glaſs Tube with K. 

kk | Piece of thin Sheet-lead and Flower of 

1k Emery mixt with Water, till its Tranſpa» 

ii rency was entirely deſtroyed ; after mak- 

[ ing it perfectly clean and dry, I excited it 


OO OY Oe ooo SS 
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with new Flannel, and found it act in all 
it Reſpects like excited Sulphur or Sealing- 
i | Wax. The electric Fire ſeems to iſſue from 
it the Knuckle, or End of the Finger, and 
| to ſpread itſelf on the Surface of this Tube, 
i in the beautiful Manner repreſented at 4 
| 


Plate II. and B in Fig. 1. 
Ir this rough or unpoliſhed Tube be 
= excited by a Piece of dry oiled Silk (eſpe- 
4 cially when rubbed over with a little Chalk 
or Whiting), it will act like a Glaſs Tube 
with 
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with its s natural Poliſh. And in this Caſe, | 
the Fire appears only at the Knuckle, or 


End of the Finger; where it is very much 
condenſed before it enters; as at 4 ane B 


in Fig. 2. 


BuT if the rough Tube be 4 all 
over with Tallow from a Candle, and as 


Plate II. 


* 


much as poſſible of it wiped off with a 


Napkin, then the oiled Silk will receive a 
Kind of Poliſh by rubbing it, and after a 


ſame Manner as when excited at firſt by 
Flannel. 

THE oiled' Silk, when 8 with 
Chalk or Whiting, will make the greaſed 
rough Tube act again like a poliſhed one: 


few Strokes, will make the Tube act in the 


But if the Friction be continued till the 


Rubber is become very ſmooth, the electric 
Power will be changed to that of an 
Sealing-Wax, c. | 

THus may the poſitive and negative 
Powers of Electricity be produced at Plea» 
ſure, by altering the Surfaces of the Tube 
and Rubber; according as- the one or 


other is moſt affected by the Friction be- 


tween them: For if the Poliſh be taken 


off one Half of a Tube, the different 


Powers may be excited with the ſame Rub- 


her at a ſingle Stroke. And the Rubber is 


F 3 found 
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found to move much eaſier over the- roigh 
than over the poliſhed Part of \it. 11d 
THAT poliſhed Glaſs electriſes polktivedſ 


* and rough Glaſs rubbed with Flannel ne- 


gatively, ſeems plain, from the 'Appeats 
ance of the Light between the "Knuckle, 
or End of the Finger, and the reſpeQive 
Tubes; but yet may be farther confirmed 
by obſerving, that a poliſhed Glaſs Tube, 
when excited by ſmooth oiled Silk, if the 
Hand be kept at leaſt three Inches from 
the Top of the Rubber, will at every Stroke | 
appear to throw out a great Number 
of diverging Pencils of electric Fire, as | 
in Fig. 3; but not one was ever 88 
to accompany the rubbing of - Sulphur, 
Sealing-Wax, Cc. nor was I ever Able to 
make any ſenſible Alteration in the Air of 
a Room, merely by the Friction of thoſe 
Bodies: Whereas the Glaſs Tube, when ex- 
cited ſo as to emit Pencils, will, in a few 
Minutes, electrify the Air to ſuch a Degree, 


that (after the Tube is carried away) a Pair 


of Balls, about the Size of the ſmalleſt 
Peas, turned out of .Cork, or the Pith of 


Elder, and hung to a Wire by Linen 


Threads of fix Inches long, will repel each 
other to the Diſtance of an Inch and 'an 
Half, when held at Arm's-length in the 
Middle 


1 A 
Ao 
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Middle of che RSO But their Repulſcn 
will decteaſe as they are moved toward the 
Floor, Wainſcot, or any of the Furniture; „ 
and they will touch each other Ar” 
brought within à ſmall Diſtance of any 
Conductor. Some Degree of this electric 
Power I have known to continie in the 
Air above an Hour after the Rubbing "of 
the Tube, when the unn has been 
very dry. 2 70fL 5. -e3fru 4 

TRE Electric K the Clouds, in the | 
open Air, may be diſcovered in the ſame 
Manner, if the Balls arè held at a ſufficient . 
Diſtance from Buildings, Trees, Ge. as 1 
have ſeveral Times experienced, by /a Pair 
which I carry in a {mall/narrow- Box, with" 

a ſliding Cover, Fig. 4) fo contrived as to plate I, 
keep their Threads ſtraight, and and that they 

may be properly ſuſpended, when let fall 

out of it: and theſe Balls determiiie whe- 

ther the Electricity of the Clbuds or Air 

be poſitive, by the Deereaſe; or negative, 

by the Increaſe of their Repulfion, at the 
Approach of ee Amber or Sean N 
Wax. 

To electrify the Air, or Miſtiire con- 
tained in it, negatively; T ſupport by Silk, 
between two Chairs placed Baek to Back 
at the Diſtance of about three Feet, a Tin 
F 4 Tube 
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Tube ohh a ſine ;Seming-needle. at one 
End of it; and rub Sulphur, Sealing- Was, 
or the rough. Glaſs Tube, as near as I can 
to the other End, for three or four Mi- 
nutes. Then will the Air be bund to be 
negatively, electrical; and will continue ſo 
a, conſiderable Time after the Aren 
18 removed i into another Room. 

TRE Air without-doors I have a 
times known to be electrical in clear; 
Weather; but never at Night, except when 


there hag appeared an Aurora Borealis, and 


then but to a ſmall Degree, which I have 
— ſeveral Opportunities of obſerving this. 
| How far poſitive and Negative Elec- 
— in the Air, with a proper Quantity 
of Moiſture between, to ferve as a Con- 

| ductor, will account for this, and other Me- 
toors ſometimes ſeen in a ſerene Sky, I ſhall 


leave to the Curious in this Part of Natura! 


Philoſophy to determine. That dry Air 
at a great Diſtance from the Earth, if in an 
electric State, will continue ſo till it meets 
with a Conductor, ſeems probable from: 
this Experiment : An excited Glaſs Tube 
with its natural Poliſh, being placed up- 
right in the Middle of a Room, by put- 
ting one End of it in a Hole made for that 
Purpoſe in a a Block of Wood, will gene- 

N 
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rally loſe its Etefricity: in 1 than; thee 
Minutes, by attracting to it a ſufficient. 
Quantity, of Moifture, to conduct the elec- 
tric Fluid from all Parts of its Surface to 
the Floor. But if, immediately after it is 
excited, it: be placed in the ſame Manner 
before a good Fire, at the Diſtance of about 
two Feet, where no Moiſture will adhere 
to its Surface, it will continue electrical a 
whole Day; and how much longer I know. | 
not. It may not be improper to mention 
here, that if a ſolid Cylinder of Glaſs be 
ſet before the Fire till quite dry, it may as 
eaſily be excited as a Glaſs Tube, and will 
act like one in every Reſpect: The firſt 
Stroke will make it ſtrongly Electrical. 
IN a Paper I laid before the Reyal Society, 
on the 6th of December laſt, I con jectured, 
that the Electricity of the Atmoſphere might 
be obſerved even in the Winter; which I 
have ſince found to be true: For in the 
ſucceeding Months of January, February, 
and March, my Apparatus was electrified 
no leſs than twenty-five Times, both poſi- 
tively and negatively, by Snow, as well 
as by Hail and Rain; and to almoſt as great 
a Degree when Fabrenbeit's Thermometer 
was between 28 and 34, as I ever knew 
it in the Summer, except in a Thunder- 
Storm. | 
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<a SHAKL be glad, if theſe Objerratics 
pb Experiments may engage Perſons of 


2 25 more Leiſure and ſuperior Abilities to pure 


* is 


7 E ſue this Inquiry; as it is highly (probable 


their Reſearches would be rewarded by 
many uſeful b pr + have. 8 Ho- 


Hour toben v 4 Sn 
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The Method of making Axvinoths 


MAGNETS. 


E Vive already intimsted, a 
Magnetiſm may be communicated 
by. many different Ways to Bars of Iron, 
without the Touch or Uſe of real Mag- 
nets; and this has been done in an ex- 
traordi inary Manner by Mr. Savory, Mr. 
Lovelace, Dr. Knight, Mr, Mitchell, Mr. 
Canton, and others at home; alſo the Meſſrs. 
Du Hamel and Antheaume at France. But 
though the Methods taken by thoſe Gentle- 
tlemen are different, yet the Force commu- 
nicated to Steel Bars, properly tempered, 
is nearly the ſame in all; and the Method 
of 
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of ſucceeding beſt in theſe Caſes is gener 
deduced from a great Number of Exp 
ments. For we are yet too little 9 


ed with Nature, and the Laws of Mag- | 2 


netiſm, to reaſon directly, or a priori, con- 
cerning its Properties; and as the ſtrongeſt 


artificial Magnets I have yet ſeen are thoſe | 


made by Mr. Canton, 1 ſhall give his Paper 
directing the Method of making them, as 
it is contained in N' VI. Vol. . XLVII, 
of the wee, under 8 followity 8 j 
Title: ks 


A Method of making artificial Magnets with- 
cut the Uſe of natural ones; communicated . 
to the Royal Society, by John Canton, 
AM, X FE ETD 


Rocure a Dozen Bars ; fix of ſoft Steel, 
each three Inches long, one Quarter of 


an Inch broad, and one twentieth of an Inch 


thick, with two Pieces of Iron, each Half 
the Length of one of the Bars, but of the 
ſame Breadth and Thickneſs; and fix of 
hard Steel, each five Inches and an Half 
long, Half an Inch broad, and three- 
twentieths of an Inch thick, with two 
Pieces 'of Iron of half the Length, but the 


whole Breadth and Thickneſs of one of 


the 


N Arr. FR 
Sew. Ah 3 Buam: And let all the ddd be 
maſarked wich a Line wut uud them at 
. one End. 5 
AI "Plate IL, , THEN: 3 an ro Poker and. Tonge# 
. .. © "ON the larger they are, and the 
x longer they have been uſed, the better; 
and fixing the Poker upright between the 
Knees, hold to it near the Top one of the 
{oft Bars, having its marked End down» 
ward, by a Piece of ſewing Silk, which 
muſt be pulled tight with the left Hand, 
that the Bar may not ſlide: Then graſping 
the Tongs with the right Hand a little be- 
low the Middle, and holding them nearly 
in a vertical Poſition, let the Bar be ſtroked 
by the lower End, from the Bottom. to 
the Top, about ten' Times on each Side, 
which will give it a magnetic Power ſufficient 
| to. lift a ſmall Key at the marked End: 
Which End, if the Bar was ſuſpended on 
a Point, would turn toward the North, and 
is. therefore called the North Pole, and 
the unmarked End is, for the ſame Rea» 
{on, called the South Pole of the Bar. 
Four of the ſoft Bars being impregnated 
after this Manner, lay the other two (Fig, 
2.) parallel to each other, at the Diſtance 
of about one-fourth of an Inch, between 


* Or two Bars of Iron, 
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Bars already made 'magnetical, and 
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the two- Pieces: of Ito belonging to dem, 
and a North and Sduth Pole againſt each 
piece of Iron: Then take i god's the four 


place 
them together, ſo as to make a double Bar 


in Thickneſs, the North Pole of ene, even 2 
with the South Pole of the other; and the 


remaining two being put to theſe, one on 


each Side, ſo as to have two North and 


two South Poles together, ſeparate the 


North from the South Poles àt one End 


by a large Pin, and place them perpendi- 
cularly with that End downward, on tlie 
Middle of one of the parallel Bars, the 
two North Poles towards its South, and- 
the two South Poles towards: its North 
End: Slide them backward and forward 
three or four Times: the whole Length of 
the Bar, and removing them from the 
Middle of this, place them on the Middle 
of the other Bar, as before directed, and go 
over that in the ſame Manner; then turn 


both the Bars the other Side upward, and 


repeat the former Operation: This being 
done, take the two from between the 


Pieces of Iron, and placing the two outer- 
moſt of the touching Bars in their Room, 


let the other two be the outermoſt of the 


four to touch theſe with: And this Proceſs 


being 
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ArrENDIx. 


- being repeated fill each Pair. of Bars bind 
been touched- three or four Times over, 


which will give them a *conſiderable mag- 
netic Power, put the half dozen together 
aftet the Manner of the four (Fig. 3.) 
and touch, with them two Pair of the hard 


Bars, placed between their Irons, at the 
Diſtance of about half an Inch from each 


bother: Then lay the ſoft Bars aſide; and 


with the four hard ones let the other two 
be impregnated / Fig. 4.) holding the touch- 
ing Bars apart at the lower End near two 
tenths of an Inch, to which Diſtance let 
them be ſeparated after they are ſet on the 


parallel Bar, and brought together again 


before they are taken off: This being ob- 
ſerved, proceed according to the Method 
deſcribed above, till; each Pair have been 


this vertical Way of touching a Bar will 
not give it quite ſo much of the magnetic 
Virtue as it will receive, let each Pair be 
now touched once or twice over in their 
parallel Poſition between the Irons Fig. 5.) 
with two of the Bars held horizontally, 
or nearly ſo, by drawing at the ſame Time 
the North of one from the Middle over 


the South End, and the South of the other 


from the Middle over the North End of a 
parallel 


en | 
parallel Bar; them bringing them to. .the +» 
Middle again without touching the paral ! 
lel Bar, give three or four of theſe hor ii: 
zontal Strokes to each Side, The hori- W wn, 
zontal Touch, after the vertical, will make 
the Bars as ſtrong as they can poſſibly be 
made: As appears by their not receiving 
any additional Strength, when the vertical 7 8 
Touch is given by a greater Number of N 
Bars, and the horizontal by thoſe of a a 
ſuperior _ magnetic Power. This whole © | 
Proceſs may be gone through in about half 
an Hour, and each of the larger Bars, if 
well-hardened * may be made to lift 
twenty-eight Troy Ounces, and ſometimes 
more. And when theſe Bars are thus im- 
pregnated, they will give to an hard Bar of 
the ſame Size, its full Virtue in leſs than 


by Ay 


7 - 1 


. 
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* The Smith's Manner of hardening Steel, whom I 
1 have chiefly employed, and whoſe Bars have conſtantly 

proved better than any I could meet with . beſide, is as 
C follows : Having cut a ſufficient Quantity of the Leather 
e of old Shoes into very ſmall Pieces, he provides an Iron 
K Pan, a little exceeding the Length of a Bar, wide enough 
| to lay two Side by Side without touching each other or 
) the Pan, and at leaſt, an Inch deep. This Pan he 
nearly half-fills with the Bits of Leather, upon which 


: he lays the two Bars, having faſtened to the End of each 
c a ſmall Wire to take them out by : He then quite fills 
r the Pan with the Leather, and places it on a gentle flat 


Fire, covering and ſurrounding it with Charcoal. The 


7 Pan being brought to ſomewhat more than a red heat, he 
a keeps it ſo about half an Hour, and then ſuddenly 
1 quenches the Bars in a large Quantity of cold Water. 
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two Minutes: And therefore will lite 
all the Purpoſes of Magnetiſm in Neaviga- 
tion and experimental Philoſophy, much 
better than the Loadſtone, which ig well 
Fs not to have ſufficient Power to im- 
pregnate hard Bars. The half dozen being 


put into a Caſe Fig. 6.) in ſuch a Nane 
as that two Poles of the ſame Denomination 
may not be together, and their Irons with 
them as one Bar, they will retain the Vir- 
tue they have received: But if their Power 
ſhould, by making Experiments, be ever 
ſo far impaired, it may be reſtored with- 
out any foreign Aſſiſtance in few Minutes, 
And if, out of Curioſity, a much larger 


Set of Bars ſhould be required, theſe will 


communicate to them a ſufficient Power to 
proceed with, and they may in a ſhort Time, 
by the ſame Method, be brought to their 
full Strength. 
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L E 0 70 R E a F 
Df the ATTRAGTON, F 


and its Laws. Of Morrox and REST, 
abſolute and relative; equable, accelerated, 
and reterded Morrox. Of the Spaces, 


Tov. Of the CoLLIsIoN of Bobigs 
Elaſtic and Non-Elaftic. | Of the Moukx- 


TUM or FORCE of STRIKING BoD1ss., Of F 


the Laws of MoTion. Of the .Compo- 
SITION. and RESOLUTION F Morton. 


Of AcTION and Rx-AcrION. Of the 


DrscExr of heavy- Bodies. Of the Dx- 
SCENT of Bodies on the inclined Planes. Of 
the DOCTRINE of PENDULUMS. Of the 
CycLolp, is PROPERTIES and USE; the 
Curve of quickeſt Deſcent. . L the Centre 
of OSCILLATION and PRR s 

varwus Uſes of the PENDULUM, as a 
CHRONOMETER, Cc. Of a new Con- 


SION of METALINE BoprESs. Of the 
DocTRINE of PROJECTILES, or ART of 
Gunnery. Of CENTRAL FoRCEs, and 
the various Laws and Properties of that 
Vol. I. 6G Sort 


Times, and Velhcitiet of BopiEs in Mo- 


SION, The 


firufted PYROMETER, and the Exrax- 
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Of the Artraftion of GravitraTION 
Sort of Motion. Of the General Law of the 
PLANETARY MorroNs. Of the FiGukE 
of the EanrH, i decrees, 


"tion is that of GRAVITATTOx, 


| * Fourth and laſt Species of Attrac- 


which is evident only between 
large Bodies, as the Earth and Moon, the 
Sun and its Planetary Attendants. The 


Laws of this Attraction are as follows, 
viz, (1.) It is common to alt Bodies, and 
mutual between them. (2.) It is propor- 
tional to the Quantity of Matter in Bodies, 
(3.) It is exerted every Way from the 
Centre of the attracting Body in Right- 


lined Directions. (4.) It decreafes as the 


Pl. III. 
Fig. 2. 


Squares of the Diſtances increaſe: That is, 


if a Body at A, on the Earth's Surface, 


diſtant one Semidiameter from the Centre C. 


weighs 3600 Pounds, it will at the Diſtance 


of 2, 3, 4, 5, 6, Semidiameters weigh 900, 


400, 225, 145, 100 Pounds; which Num- 
bers decreaſe as the Squares of the Diſtances 


_4» 9, 16, 25, 36, increaſe (XVI). 


HENCE 
XVI) 1. Though we reckon this Species of At- 


traction different from that of Coheſion, yet when well 


conſider'd, it may be found perhaps to differ no otherwiſe 
than as the Whole from the Parts; for the Gravity of 
large Bodies may be only the Reſult or Aggregate of the 
particular Powers of the conſtituent Particles, which 
ſingly act only upon Contact, and in ſmall! Di- 
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Of the Auraclim of Gxiowtr ation 83 


Herner we leam that all Bodies have 
WE1GHT, or are Seavy; and that thete is 
no ſuch Thing as abſolute LEvity in Na- 
ture; and by the ſecond: Law, the Weight 
of all Bodies is proportional to the Qugn= 
tity of Matter they contain; and hence, 
ſince Bodies of equal Bulks are found to 
have unequal Quantities of Matter, it e- 
vidently follows, that a Vacuum, or 
Space void of Matter, muſt neceſſarily 
exiſt, and that an abſolute PLENUM is a 


ſtances ; but with their joint Forces, in vaſt Quanti- 
ties, produce a mighty Power, whoſe Efficacy extends 
to very great Diſtances, proportional to the Magnitude 
of Bodies. MAES $f 1 2 | 

2. This Force of Gravity is, to Senſe, the ſame for- 
any Diſtances near the Earth's Surface; fince a fimalb 
Diſtznce from the Surface of the Earth does not ſen- 
ſibly alter the Diſtance from the Centre, which is near 
4000 Miles : At the Height therefore of one Mile, for In- 
ſtance, the Diſtances from the Centre will be as the 
Numbers 4000 to 4001, and the Powers of Gravity in- 
verſely as their Squares, viz. 16008001 to 16000 
or as 16008 to 16000, which are ſo near an Equalite7 
as not to be ſenſibly different from each other. 

3- But when the Diſtance is ſo great as to cauſe a 
Diſproportion between that and the Semidiameter of the 
Earth, then will the Power of Gravity decreaſe very 
ſenſibly, according to the Law above laid down : Thus 
at the Diſtance of the Moon, which is, at a Mean, 
about 60 Semidiameters of the. Earth, the Power of 


* 


Gravity is to that on the Earth's Surface as 1 to 3600, 
as will be ſhewn under the Article of Central Forces with 
f fufficient Demonſtration. - + +». | | 
: ty: 1% 
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Of the Artraftion of Gzavrewrio 


Doctrine 1 and quay falſe 
and abſurd 822 . 


rig 1. Since there is no Sort of Matter that we 
any Knowledge of but what will gravitate, , 
hay there is an Sort that will not, is arbitr 57 eel 
contrary to the Rules of Philoſophizing, and all found 
Reaſoning ; by which we are confined to the Phæno- 
mena of real, and nat imaginary Exiſtence. 

2. The Weight or Quantity of Matter in Bodies ma 
be expreſs'd by their Bulks multiplied by their Denſities, 
By the DensiTY of a Body is meant the greater or 
leſſer Quantity of Matter under the ſame Bulk; and 
therefore the Denſity A 4 ). of bo Body A, is to the 
Denſity (D) of any ot B of So Bulk, 2 
the Quantity of Matter OM) in | the former is to the 
GOP of Matter (n) in the latter. That is, D:) 

: Dm = DM. 
* * if the Bulks are unequal, and the Quantitie 
atter the ſame, or equal in any two Bodies Band 
C ; then will the Denfity (D) of the Body B be tothe 
Denſity 2 4) of the Body C, as the Bulk (5) of the latter, 
to the Bulk (B) of che former; viz. D: d: ::; 
. DB=db. © ; 1h | 


1 Hence dens be, and fo Mdb=mBD; and 


conſequently M: in:: BD d; that is, The 


y wantity 
of Matter in any tis Bodies A and C, which differ m 
ul and Weight,” are to tach other as the Products of the 


- Denſities'by thei Bulls, as was above aſſerted. 


5. Hence alſo in ſuch Bodies, B: d:: Mb: aB; 


that is, the Denfi ties of the two Bodies A and C are direct. 


ly as the Quantities of Matter, and inverſely as that 
Bulls. 

6. Laftly, TB Bulks or A two Bodies A 
and C are llifectly us their Quantities of Matter or Weights, 
aid * as their Denſities ; for we have B: U:: Md 
: mD. 

7. What has been hitherto ſaid relates to the abſolute 
Weight of Bodies; but when the Weight or Grange 
ALS df os — — 0 
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Oo the Attraction of GRAVITATION. BY 


Also, from the third Law it follows, 
that all Bodies deſcending freely by their 
Gravity tend towards the Earth in Right 
Lines perpendicular to its Surface; and 
with equal Velocities, (abating for the Re- 
ſiſtance of the Air) as is evident by the ſe- 
cond Law above, and what will immediately 
follow in Mechanics (XVIII.  » 
t. 3 _ AGAIN: 


of Bodies of equal Bulk are confidered and compared 
together, they are then called the Relative Weights ar 
Specific Gravities of thoſe Bodies, and ſince they are 
licewiſe proportional to the Quantities of Matter, it is 
evident, that the Denſities and Specific Gravities are pro- 
portional to each other, in all Bodies; and therefore what 
has been ſaid of the one is equally applicable to the other. 
8. As a Corollary to this Article, we may obſerve 
with Sir Iſaac Newton, that all Space cannot be filled 
with Matter, as the Pleniſts aſſert; but that there muſt 
neceſſarily be Vacuities or Interſtices void of Matter in 
the Compoſition of natural Bodies; for if there were 
not, then Bodies of equal Bulk would ever be of the 
ſame Weight and Denſity, or, in other Words, the 
Denſity and Specific Gravity of Cort or Air would be 
the ſame with that of 8 or Gold. And it is 
ſurprizing to think, that ſuch Abſurdities are not groſs 
enough to be heeded by thoſe who heſitate about a Va- 
cuum. i jt * N 

(XVIII) The Reaſon why all Bodies deſcend with 
an equal Velocity towards the Centre df the Earth (in 
Vacuo) is becauſe the Force of Gravity in each is pro- 
portional to the Quantity of Matter, or Number of Par- 
ticles only, independent of any other Circumſtance or 
Conſideration whatſoever, Thus ſuppoſe the Body A 
has only one Particle of Matter, and the Body B con- 
liſts of one hundred, then will the Force of Gravity in 
A be to that in B as 1 to 100; and therefore the Force 
acting on each ſingle Particle in Bis but 73; of the whole 
a” e 
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Plate II. 
F ig. 4. 


MEEK ANTICS; 


AAN: Since the Attraction is bat 
direty- as the Quantity of Matter, and in. 


verſely as the Square of the Diſtanee,* it 


follows, that were the internal Parts of 
the Earth a perfect Void, or hollow” Cons 
cavity, a Body placed any where therein 
would be abſolutely light, or void of Gn 
vity ; but ſuppoſing the Earth a ſolid Boch 
throughout, the Gravity from the Surface 
to the Centre, will decreaſe with the Diſtance, 
or it will- be directly proportional to * 
Fes n the Centre (XIX). "2M 


, fe F te g \ Fo 


Havise 


Wars. and 1 is but equal to the Force a 
ing on the ſingle Fafticle A; ſince then each ſingle Par- 
ticle in B. is acted upon with. the ſame Force as the 
Parti cle A, "the Velocities in each muſt be equal; that 
is, each Particle, i in the Body B, (and 1 che whole 
Body) muſt deſcend with an equal Velocity With that 
of A. This would be eaſy to conceive, if the Partieles 
in the Body B were to fall ſeparate ; and I think it þ 
as eaſy to underſtand that their Connection or Cohelidh 
can no ways contribute to the Acceleration of their 
Motion, which is entirely the Effect of the en 

Force of the Earth. 
- -(XIX) 1. For Uluſtration, ſuppoſe ABC be the 
outward Shell or Cruſt, and all the internal Parts of the 
Earth an hollow Space or Concavity, in which ſuppoſe any 
Body as R, to be placed in any Part whatſoever ; thro the 
Centre of the ſaid Body let there be drawn the Lines ad 
and bc, which by their Revolution would deſcribe Cones, 
whoſe Baſes ab, and cd, in the ſpherical Superficies, aꝶ 
in Proportion to each other as the Squares of the Diſtan- 
ces from R reſpectively. Now the Particle R is attract. 
ed by the Particles in thoſe two Baſes with an equal 
Force; for the Force is as the Square of the Diſtance 
of the Baſes inverſely, and as the Number of Particles 
in 
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_ HavinG premiſed the neceſſary Præcug- 
nita to the Science of MECHANICS, which 


in each Baſe di , which Number of Particles is as 
the Square of the Diſtance e from the Particle directly. 
But this direct and inverſe Ratio of the Forces makes a 
Ratio of Equality; that is, the Forces on each Side are 
equal, and being in contrary Directions they deſtroy 
each other; and this being the Caſe er Part 
of the Concave Superficies, tis evident the Body R can- 
not be impell'd towards any Part, but will retain its Po- 
ſition as if not affected by Gravity at all. 

2. The Forces with which a Body will be attracted 
on the Surface of two S$phetes of the ſame Denſity, but 


unequal Bulks, will br direfly 


a the Diameter of tht 


- 


8 


Spheres. For the Force (f) of the leſſer 7 ABC plate II. 


will be to the Force (F) of the greater D 
as the Squares of the 
Square of the Diameter (D.) of the greater; that is, 


F inverſely 


.: BBB. Note, This is fo bocanſe the Forces er- 


inverſely as the Squares F the Diflaness from the Centres, 
rere N 

3. Again: The Forces are as the Number of attract- 
ing Particles, which are as the Bulks or Magnitudes 
of the Spheres, which are as the Cubes of the Diameter ; 
therefore alſo f: F:: du: D; whence both theſe 

2811 4 1 k 

Ratio's compounded give f: F:: 2 inp: 2 4. : D 


or, the Forces of Attraction are in proportion to the Dia- 


moters Tl the Spheres directly. 

4.1 | 

made, and a Body to deſcend therein from the Surface 
of the Earth to the Centre, its Gravity would' always 


decreaſe with the Diſtance from the Centre; becauſe in 


every Place it might be conſider'd as on that Surface of 
a Sphere whoſe Diameter is equal to twice the Diſtance 
from the Centre, and which is proportional to the 
Sphere's Attraction; the Parts of the. Earth above the 
”Y being only Part of a Spherical Shell, which has 
no Effect on the Body, as was ftiewn aboye. 

G 4 entirely 


ence it follows, that were there a Perforation 


r (d') of the leſſer to the Fig: 5,6. 
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Mzcnanics,. 


entirely depends dn che Prineiple of Gra- 
vitation, we come immediately to eonſider 
the Object thereof, viz. the Nature, Kinds, 
and various Afactions of Motion, and mov- 
ing Bodies; and the Structure and Mecha- 
niſm of all Kinds of Machines, commonly, | 
call*d Mechanical Feuers, whether ro 

o Gamer | 


eine rh 4 
"MOTION 3 is ' the continual and ſuceet⸗ 
five Change of Space, and is either Abſolute 
or Relative. xy Abjotute Motion is the Change 
of Ahſalulę; ge Or Place of. Bodies, as the 
Flight ef ws the Motion of a Projec- 
tile, &+. Büt Relatfoe” Motion is the Change 
of Nalatiur Shuce, or that which has Res 
ference. to ſome other Bodies: As of two 
Ships. Under Hall, the. Difference of their 
Veldeiries is che Relative Motion of the Ship 
failing faſteſt; and is that alone which, is 
diſcernible by us. The ſame is to be un- 
derſtood of — 0 7 and Relative Reft (XX): 
286 en do #421) Us 4 5 Le 65 1 


that — anon either abſolutely, or in it= 

ſelf alone, may then it is called the Abſolute Place of the 

Body; or elſe with Regard to the Place of ſome other 

of Bod and then ĩt is call'd the Relative or Apparent Place 
ies, 


2. Now 
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Ac AN: Motion is either, Eguable or Ac- 
celerated. - Eguable Motion. is that by which 
Body. 


2. Now as Motion is only the Change of Place in 
Bodies, tis evident that will come > the fame Diſ- 
tinction of 2 and Relative or ent. All Mo- 
tion is in itſelt Abſolute, or the Chad 2 Abſolute Space 
but when the Motions of Bodies are conſider'd and 
compar'd with each other, then are they Relative and 
Apparent only; they are Relative, as they are compard 
with each ot er; ; and they are Apparent only, inaſmuch 
as not their true or abſolute Motion, ol the Sum or 22. 


ference of the Motions only is perceiva ible b —— 


3. In comparing the Motions of B 

conſider them as moving pd wy the fame Way, or — 
contrary Parts; in the firſt Caſe the Difference .0 the 
Mations is only perceived b by us, in the latter the 

the Motions, Thus for ample 8 two Ihjps, 
A and B, ſet ſail from the ſame R the ſame 
Rhumb, and that A fails at the Rate b five Miles per 
Hour, and B at the Rite of three; here the Difference 
of the Velocities (viz. two. Miles per Hour) is that 
by which the Ship A will appear to go from the Ship B 
forwards, or the Ship B will appear at A to go with che 


lame Velocity backwards, to a Spectator in either re- 


ſpectively, 
4. If the two Ships A and B move with the ſame De- 


gree of Velocity, then will the Difference be nothing, 
and ſo neither Ship will appear to the other to move at 
all. Hence it is, that tho the Earth is continually re- 
volving about its Axis, yet as all Objects on its Surface 
partake of the ſame common Motion, they appear not 
io move at all, but are relatively at Reſt. 

. the two Ships A and B, with the Degrees 6f 
Velocity as above, meet each other; the one will ap- 
pear to a Spectator in the other to move with the Sum of 
both Velocities, viz. at the Rate of eight Miles per Hour; 
fo that in this Caſe the Apparent Motion exceeds the True, 


as in the other it fell ſhort of it. Hence the Reaſon 


why a Perſon riding againſt the Wind finds the Force of 
38 2 


a Body 
Times. Acerleruted Motion is that Which 


MzCHa4n tes. 
paſſes over equal Spaces in @qual 


is continually "augmented or increaſed; as 
Retarged Mation is that which, continually 
decreaſes: And if the Increaſe or Deerxaſe 
of Motion be equal in equal Times, the 
Motion is then ſaid to be equably accelerated 
or retarded (XXI). | | 

Tur 


24 3 than. it. really is, whargae «FM, rides 
wy it, he finds ãt leſs, / , -- | 


SCHOLIUM. 


| 6. The Reaſon of all theſe different Phetoment ef 
Motion will be evident if we only conſider, that we myſt 
be abſolutely at Reſt, if we would diſcern the true er 
real Motion of Bodies about us. Thus a Perſon on the 
Strand will obſerve the Ships failing with their real Ve- 
locity; a Perſon ſtanding ſtill will experience the tie 
Strength and Velocity of the Wind ; and a Perſon pla- 
cedin the Regions between the Planets will view all the 
true Motions; which he cannot otherwiſe do, becaukt 
in all-other Cafes the SpeRator's own Motion muſt be 
added to, or ſubducted from, that of the moving Bedy; 
and the Sum or Difference is therefore the Apparent or 
Relative Motion, and _ the Tram — 

XXI) 1. Equable Motion is a Gngla 
1 or Stroke; thus the Motion of a Ball from a 
Cannon is produced by the ſingle Action of the 
Powder in the firſt Moment, and therefore the Ve- 
locity it firſt ſets out with would always continue the 
ſame, were it void of Gravity, and to move in an un- 
refiſting Ml Medium, which therefore would be always | 


 equable, or ſuch as would carry it through the ſame 


Length of Space in every equal Part of Time. 

2. Actelerated Motion is produced by a conſtant Im- 
pulfe, or Power which keeps continually acting upon 
the Body, as that of Gravity, which produces the Motion 


' ff F _ Bodies, which Sort of Motion is conſtantly 


accelerated, 
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Tur Celerity or Yalocity of Motion id that 
Affection by which a Body paſſes over a 


given Spe? in a given Time, or what we 


accelerated, becauſe Gravity every Moment adds a new 
Impulſe, which generates à new of Velocity; 
— the Velocity thus increafpg the Motion muſt 
quicken'd each Moment, or fall faſter and faſter the 
longer it falls. | | | 1-7 
3. In like Manner, a Body thrown perpendicularly 
upward, as a Ball from a Cannon, will have ity Motion 
continually retarded, becauſe Gravity acts <onKantly upr 
on it in a Direction contrary to that given it by th. 
Powder, ſo that its Velocity upwards muſt be continu- 
ally diminiſhed, and ſo its Motion is continually retard- - 
ed, t Il at laſt it be all deſtroy'd. Tbe Body has then 
attain'd its utmoſt Height, and is for a Moment mo- 
tionleſs, after which it. begins to deſcend with a Velo- 
city in the ſame Manner accelerated, till it comes to the 
Earth's Surfaces... „ not ng e i 1 - 
. 4: And becauſe at 2 Graf Diſtance, from the Fatgh th's 
urface, the Power of Gravity is every whe 
it follows, that in — —— Niue he Im? 
pulſes on the Body will be equal, which will therefore ge- 
nerate an equal Increaſe of Velocity 7 Moment, and 
of Conſequence the Motion reſulting from thence will 
be equally quicken'd if downwards, or retarded. if up- 
wards, in Mediums without Reſiſtance.  . |, | 
5. In this Caſe we may obſerve in_Badies that are 
projected upwards, (1.) That the Time of the Aſcent 
is equal to that of the Deſgent.” (2;) That at dent 
Heights above the Earth, the Velocity in the Aſcent 
and Deſcent is equal, or the ſame; and Dae 
That the Velocity acquired (hy falling) at the Earth's 
Surface, is equal to that which is generated by the Pow- 
der, or other Impetus (which threw it up} in the firſt 
Moment of its Motion. What Difference will ariſe 
from a reſiſting Medium (as to Projectiles thrown up in 
> _ Sc.) will be hereafter more fully conſider:d and 
o An 


92 MxcHAN ICS. 


commonly call the _— or Gaye 
nen (XXII). ” | 
THE; MOMENTUM « or 1 of Mp 
tian is all that Power or Force which a mov- 
ing Body has to affect or ſtrike any Ob- 
ſtacle or Impediment which oppoſes its 
Motion, and is 6 equal to that — 


1 


8 


| XII * Pran the above Definitions we 7 
termine the Theorems, for the Expreſſions of the Time 
T,) the Velocity (V ), and the Space S) paſſed over in 
quable or Uniform Motion,” very eaſily thus 

2. If the Time be given, or the 1 the Spate paf- 
ſed over will be as the 2 elocity, viz. 8: V; that is, with 
twice the Velocity, twice the Space; with three Ti mes 
the Velocity, three Times the Space, will be paſs'd over 
in the ſame Time; and ſo on. 

3. If the Velocity be given, or remain the aug 
then the Space paſs d over will be as the Time (viz. 8: T) 
that is, it will be the greater'or leſſer as the Time is fo. 

4. But if neither the Time nor Velocity be given, or 


known ; then will the Space be in the ound Ratio 5 
beth, viz. S: TV. 2 . 


i | 5. Hence, in general, ſince 8: TV, we have V 75 


that is, the Velocity is always 9 as the 7 
inverſely as the Time. 


6. And alſo T: 7 that i is, the Time is or the Spar 


diretth, and as the V. hecityinver ely ; or, in other Words, 
it increaſes with the Space, and decreaſes with the Felicity. 
7. If therefore in any Rectangle ABCD one Side AB 
Pl. UI. repreſent the Time, and the other Side BC the Velo- 
Fig. 5. city, 'tis evident the Area of the ſaid Rectangle will re- 
preſent the Space paſs'd over by an uniform Motion in 
the Time AB and with the Velocity BC. 
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Force” by which che Body is oompelpd to 
change its Place. n 5 1 175 
SINCE the Force of a Body is greater or 
leſſer as the Quantity of Matter is ſo, when 
the Velocity of its Motion is the ſame; al- 
ſo ſince the ſaid Force in the fame Body is 
proportional to its Velocity: Therefore it 
follows, that the Momentum or Force of 
Bodies in Motion is in the compound Ratio 
of their Quantities of Matter and their Ve- 
locities conjointly. Thus if one Body A 
ſtrike an Obſtacle X, with 3 Parts of Mat- 
ter and 9 Degrees of Celerity; and another 
Body B ſtrike it with 5 Parts of Matter, and 
7 Degrees of Celerity; the Momenta of the 
reſpective Strokes will be as 27 to 35 
(XXIII. R N 
| "> 33G h . THE 
(XXIII)* Since the Momentum (M) of a Body is 
compounded of the Quantity of Matter (Q), and the 
Velocity (V), we have this general Expreſſion MV, 
for the Force of any Body &; and ſuppoſe the Force o 
another Body B be repreſented by the ſame Letters 
in ale, via. . r 4 cola 
2. Let the two Bodies A and B in Motion impinge 
on each other directly; if they tend both the ſame Way, 
the Sum of their Motions towards the ſame Part will be 
QV+2Y. But if they tend towards contrary Parts, 
or meet, then the Sum of their Motiotis toward the 
| fame Part will be Y-; for finct the Motion of 
one of the Bodies is contrary to what it was before, it 
muſt be connected by a contrary Sign, Or thus; be- 
cauſe when the Motion of B conſpires with that of A, it 
is added to it; ſo when it is contrary, it is ſubdufted 
fremjt, and the Sum or Difference of the abſolute Motions 
is 
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all Bodies obſerve, are the three following, 


is the whote Retdtivr Motion, or that which is made to- 
wards the ſame Part. N. Git Bild ee 
3. Again, this total Motion tawards the ſame Paity 
is the — both before and after the Stroke, in cale 
the two Bodies A and B impinge on each other; be- 
. . cauſe whatever Change of Motion is made i one of 
theſe Bodies by the Stroke, the ſame is produced in the 
other Body towards the fame Part; that is; as much as 
the Motion of B is. inereaſed or. decreaſed towards the 
ſame Part by the Action of A, juſt ſo much is the Mo- 
tion of A diminiſhed or augmented towards the ſame 
— by the equal Re- action of B, by the third Law of 
otion. | [4 
4. In Bodies not elafic, let x be the Velocity of the 
Bodies after the Stroke (for fince we ſuppoſe not 
elaſtic, there can be nothing to ſeparate them after Col+ 
liſion, they muſt therefore both go on together, or Wik 
the ſame Celerity). Then the Sum of the Motions after 
Collifion will be Qx x; whence if the Bodies tend 
the ſame Way, we have QV+9/Y=Qx+2x, or if 
they meet, We =2x+Y2x ; and accordingly 
- QV+9/Y. V— | 
Tg = or T 2 2. 
— IV. 5. If the Body (B) be at reſt, then Y=o, and the 
1g. I. ; ; QV. 
Velocity of the Bodies after the Stroke will be 


=x. Thus if the Bodies be equal (vis. Qz=S) and 
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: 6; we have ger, the Velocity after 
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| Stare of or maving 6— | 


ne, 


6. If the —_ are both in Motion, and tend to- Plate IV. 
wards oppoſite P 3 be or meet; then when = and Fig. 3. 
V=F, tis plan « Þ r that i is, whe Bodies 
which meet with equal. Huis and Pelocities will ds nh 
other's Mation ** h Strata, cg remain at 74 


G but VF: : 6 914 chen RF. 2 4 Ti * 
. 
with unequal Velseities, they will after the Stroke both £0 

en the ſame Way which the met prevent ner before, 


7. If the Velocity xi ps be be muſtiphes by the 
Quantities of Matter Qand. , we fhall — 


= the Momentum of A after the Stroke; and = 


= the Momentum of B. Therefore 8 


oy 


— Q2Y=20V VIT = ON 
I the anti 
SUE G2 1 
of Motion loſt in A after the Stroke, and conſequently | 
is equal to what is Mah in B, as may be ſhewn in the E 

ſame Manner, | 


8. But Gnce a Part of this Exprefion (vis. U WV); 


conſtant, the Loſs of Motion will be ever 4 
to the other Part V+Y. But this Loſs or Change of 
Motion in either Body is the whole Effect, and ſo mea- 
{ures the — or Energy of the Stroke. Oren | 
ore 


MzcHanicis. 


Line, except'fo far as it is compell'd to chaig; 
that State by Fortes impreſſed. 0 
Ee) my 


fore any two Bodies, not elaſtic, ſtrike each other with 
a Stroke always proportional to the Sum of their Velo. 
cities. (Vi they meet, or to the Difference of their 
Velocities (V/) if they tend the fame Way. 
9. Hence if one Body (B) be at reſt before the Stroke, 
then V=0; and the itude of the Stroke will be as. 
V, that is, as the 74 the moving Body A; and 
not as the Square of its Velocity, as many Philoſophers 
(viz. the Dutch and Nefians) maintain. 6 
10. In Bodies perfectly elaſtic, the reſtituent Power 
or Spring, by which-the Parts diſplaced by the Stroke 
reſtore themſelves to their firft Situation, is equal to the 
Force impreſs'd, becauſe it produces an equal Effect; 
therefore in this Sort of Bodies, there is a Power of Ac- 
tion twice as great as in the former Non-elaſtic Bodies, 
for Gn Bodies not only _— —— by 5 
but likewiſe by Repulſe, wa ing each othi 
11. But we have ſhewn that the Force with which 
Non-elaſtic Bodies ſtrike each other is as V/; 
therefore the Re- action of Elaſtic Bodies is the ſame; 
that is, the Velocity with which Elaſtic Bodies re- 
cede from each other after the Stroke is equal to the Ve- 
locity with which they approach'd each other before the 
Stroke. Whence if xand y be the Velocities of two Bo- 
dies A and B, tending the ſame Way, after the Stroke, 
fince V=/=y—x, we have x+V—/=y ; whence the 
Motion of A after the Stroke will be Q x, and that of 
B will be TV-; and the Sum of theſe Mo- 
_ will be equal to the Sum of the * * the 
troke, viz. Qx+ x + DV—9/=QV +2Y2F. Whence 
by — e. it Nun be N K Y 


QV +22/,; and x = === = the Velocity 
of the Body A. 
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LAW. II. at ot ee 15 al- 
R Perce in- 


prefed, © 


12. Api the Velocity. of B Deb V—r= 
NLV tn +2 
＋ — ” 


Here we have cappoled the Bodies the 

before the Stroke ; and it is evi 8 — 

above, that ſo long 2 . n SV, 

the Velocity (x) © affirmative, | 

or the Body A will move 

as before; but when QV-I8 

the Velocity (x) will 

be reflected back. . © 
13. If the Body B be” a; 


N 


S which thews the Bod w He yh 


or * as is e W, * 
A greater or — B. * * 1 "© 

14. I Q=3, 2==0, ee Ara. then 
after the Stroke the e Velgeity of As mls =_ V 


$0 


= 
— N 
1 * 


by 


— 10 


= and the ak LE. will he 


2 „ 
E E the Beds ar: bot in Mo- 


tion, and Vr, the reſt chen ame as \before ; then 
R =s = = Velocity of & after we 


Stroke, ws EE N 
of B after the Stroke. 

15. If the Bodies A and 
Parts, or meet each other, 15 TEN Ye mort ary Ve 
locity, to which the FotceoFthe Stroke is onal, 
be VI, and fo the Velocities of A and B after the 


= 11. — Velocity 
2 u e, 


Stroke will be x and x + V 11 and ſo the Motion 
of 


Vor. I. 


affer the : Sond x 


wakes Wray 
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Plate IV. 
Fig. 5. 
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tion of the Body 
will go on — as before. If QE3 S =2;V 
| A2 


in a Right Line, if another cual Body A ſtrike B with 
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g Auel: d. end gs Alaucys Made ,accordiny to th 


Niger Line ᷣubich that Forre is inpręſi d. 
dr LAW 
of Awill be. Nad. V. AV, the Sum of 


e Motions j Q 9x ＋ 2 V = 
V-=thg,Mation towards * 5 re 5 


| == . „ 
serche, Whehes"we have = ITS : = 


gy * 


I of aft: 208 et n * 
and; :the Velocity:oh, R, "nl wr, 


** — 60 5 


Q+ | 
16. If Q +'22 reater than Q V, he Mor 
A will 1 , otherwiſe it 


= 10, and / = 5; then w will the of A be 
— Aer. = 2, and ſo the Body 


Q+ 
A will go back with two Degrees of Velocity. The Ve- 


locity of B, Load the Stroke, w_ be.. + WD W 
Q+2 
= 19. 


17. . dee qual, that i is, if Q=S, a 


== V; which ſhews, that when equal 
Bodies meet each other, they are reflected back with in⸗ 
terchanged Velocities; for in that Caſe alſo. the Velo- 


city of B becomes N V. An Example of this 


you have in Fig. 8, of Plate, Iv. 

18. If the Bodies ite LOT and one of them at reſt 
as B; then fince Q 22 nd 'V = & we have the Ve- 
locity of A after the Stroke x So; or the Body A will 
abide at reſt, and the Velocity of B will be = V. the 
Velocity of A before the impulſe, as appears by the Ex- 


— — 10 


159 


— of Fig. 


19. If us. 1 B, C, D, E, F, are contiguous 


any 


Mzcnanred' 


LAW: III. Ne-acfion ir a — auth 


contrary fo * or the Acbiont of" two 
0 Badiet 


any iven Velocity, it mall loſe all its Motion, or be 
quieſcent after the Stroke; the Body B which receives 
it will eommunicate it to C, and C to D, and D to E, 
and E to F; and becauſe Action Fad, Re-aQtion between 
the Bodies B, n. E, are equal, as they were quieſ= 
cent before, muſt continue ſo ; but the Body F 
having no anner Boy to re- act upon it, has adthing to 
obſtrüct its co Ba it will therefore move. on with the 


ſame Velocity which A had at firſt,- betauſe it has all 9 


the Motion of A, and the ſame Quantity of Matter 
Hypotheſis. 

20. Let there be three Bodies A, By C; and let A 
ſtrike B at reſt; the Velocity 3 in B by the Stroke 


will be y = Ge and ſo che Momentum of B will be 


2QV9_ 
TE THe = 2y. With this Momentum B vin firike C 


at reſt and contiguous to it; the Velogiry generated in 


C will be 22), and its Momentum will be 1270 = 
A N 


CC ae 1. 40 
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21. If now we ſup ppoſe B a variable Quantity, while 


A and C remain the ſame, we ſhalf find what Propor- 
tion it muſt have to each of them in order that the Mo- 
mentum of C may be a Maximum, or the preatelt poſ- 
ſible, by putting the Fluxion thereof equal to nothing ; 


cuts, eee, e, we 


| 90 2 2= Opec” r Lo. = 22: Cons 
get an conſe 
quently Q: & 9:6 or A: B::B: C chat is, 
the Body B is a 8 Mean between A C. 
22. Hence if there be any Number (n) of Bodies in 
a Geometrical Ratio (7) b. each other; me * firſt be 
A, 


Fig. IIs 


100 MzcnuanLics 
Bodies upon each other are always equal, and 
in contrary. Directions: n 5 MIN 
GINNY . NN | Re- 


A, the frond will hr wa, and ſo on to 


[which will be 1 A. 
R the Jer of the firſt being v, wats 


. 2QV. 
pane, (for TE is NN 
= = 2) that of deg that of N 


= E., 'ahd 15 6p. to the laſt, which will be 
h | 


f 24. The Momentum of the firſt will be AV, that of 
the . that of the third D that of 


_ — 3.0 nn 0 p — — — 
2 4 + 3 "= a — > 23 1 = 2 — n of Is 4 3 9 — ; — = 2 
1 * 
— — — — — v G — — — — 8 * 
— — — —— 2 — —— == — * pd a _— — +> Ra» . 
l 2 7 * — 2 mung, 


| I +r : 
Þ| : the e fo inns. . and ſo on to che laſt which ville 
| 0 1 

| 688 1 b 

1 f 1 24 4 790 | 7 
" . 25. L ve an . if x 100, and 7 324 
i | then will the firſt Body A be to the laſt -»—!A, as 1 to 
q 6338253000000000000000C0000000, nearly; and ity 


Velocity; to that of the laſt nearly as 27 1022000000000008 
to 1: Laſtly, the Momentum of the firſt to the laſt will 
be nearly as 1 to 233848 

26. If the Number (x) .of Bodies be required, and 
the Ratio of the Momenta of the firſt and laſt be given, 
as 1 to M, __ the Ratio of the Series given alſo; 


7 
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| then 1 = = R, we have the Momentum of the 
1 

1 rn | | 
FP laſt Body mud by. 77A =M = R.; there- 
1} ſore the Logarithm of M is equal to the Logarithm of R 
; 1 | multiplied 
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Re-actun equal \Changit of Motion arb prbe 
duced in Bodies acting upon ach other ; "and 
theſe Changes are ir f 'd towards tontrary 
Parts. 15 

Tur firſt of theſe Laws js founded on 
the Vit Inertiz- of Matter, whereby it i 
indifferently diſpoſed to perſevere in 
State of Motion or Reſt. It is nat ire 
evident that Matter at Reſt requires an 
extrinſic Power to give it Motion, 80 
that, when in Motion, the Force of 
other Body reſiſting it is neceſſary to VEE 


it to a State of Reſt, For want of mel 


Reſiſtance we ſee the Planets and Comets 
long conſerve their Motions undiminiſhed ; 
while moving Bowls, and Wheels, are 
gradually reduced to a Stäte of reſt, by 
the Friction or Rubbing of the Parts on 
which they move, againſt contiguous re- 
liſting Bodies ; as is evident' by the Ex 
riment of the Axis in Peritrochio, 19 
firſt on fixed Parts, and afterwards . 
ooo 
FRoM this Law, and = will be 3 
ther demonſtrated hereafter, it follows, 


2 that 
4 — — , % * 


multiplied * the Power I; that i is, J. M = n—t 


* l. R; conſequently T K ö = | We nen 'of | 


Bodies required 
H3 


tor 
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Plate III. 
F ig. 4. 


leaſt by any human Power, with Bodjen ing * 
reſiſting 


of Bodies moving the ſame or cont 
Nn: when they directly ſtrike, or im- 


bl 


Mxgcnan 10s. 
chat no perpetual Motion can be effected, at at 


dium. 
By the ſecond Law we are inftruted 
how- to eſtimate the Sum of the Motion 


inge on each other. Alſo we hence learn 
the C ompoſition and Reſolution of Motion arih: 


ing from "Forces impreſs'd in oblique 
rections ; 4 


trine of the utmoſt Uſe 1 
Philoſophy; and the Foundation of al 


Mechanits,.. To iNuftrate this: Let the Body 


B at reſt be impell'd by the Body A in the 


Direction '#'c," With Force that would, 
in a given Time, cauſe it to move from 


b to e; at, the fame Inſtant, let another 


| Body, 0 strike it. in the Direction 4 d, with 


a Force that will carry it from 6 to d in 
the ſame Time; then compleat the paxal“ 
lelogram be d, and draw the Diagonal 
e, that will vepreſent the Direction and 
Diſtance thraugh which the Body will 


move in the ſame Time by both the Forces 


ian. 4 tins N 
A” 5 TRE 


(XXIV. ) This i is evident if we conſider that the Force 
impreſs'd by.the:Body C does no ways diminiſh the Ve- 
locity of a Body approaching to the Lins c e, at the End 
of the given Tims, and therefore it will then be found 


ſom6e 
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DP K 7 


Lines will alſo reprefent 


rr rr 


Men x N i es, | 
TE third general Lab is bounce 


e and Experiende vi We W from 


» 001: 189. SIE tlie 
| * \ £ \ 14} F 04 
3 the aid Line £4. For the ſame. eaſpn je 


will at the End of the ſaid Time be carried to a 
from bc equal to bd, and · therefore — ai he 


ſame Moment be found rote! in 3 LN de; Büt 
it cannot be in the Line ce an 1. e ſame 

unleſs in that Point e, — A 1 ele 5 
as the Propoſition aſſerts. 


2. We ma ve. the © Body B by the 
ſingle Tepulſe of dome Powe wer in el e Aae e, ſuch 
as will carry * thro' the ben à given Lime: 


then this may be reſolved into any otper ta Forces 
acting in the Directions be e Ee de, and bd or ce, which 


50 the ſaid Forces 
Ng) wo F: I! HEELS. 
„This rine e ion 4 
of orces will be =, very 7 Uſe; 4 5 | 
farther illuſtrated in'an*Applicatibn to the Doctrine 
of Oblique Percuſſion,” as follows, Let the Body A im- 
pinge on B at reſt in the Direction A C, which 


cauſe it does not go through the Centet of the Body 


the Stroke will not be Deref, bus Oblique; and let the 
Force of the Stroke be repraſeated bythe. {aid Line 


2 

4. This Force AC m i be reſolved into the two 
Forces A I, andI C; the former of which being pa- 
rallel to the horizontal .Line G1 F, cannot _ the 
Body B at all; for the Motfon in that Line would on — 


| N by the Superficies of B, and touch the upperm 


oint without any Stroke or Force to remove it. ; 
11 But that Part of the Stroke repreſented by 1 C, 
es thro* the Center of B, and therefore expreſſes 
the whole Force with which the Body A ſtrikes it in 


PlateIV, 
- Fig. 12, 


the Direction AC. Therefore the Force i an obli que 


Stroke is to the Forte of a direct 211 as 
paſſing through the Center of the Body B, 


H 4 7. Now 
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PlateI V. 


Fig. 13. 


MON AN ICS. 
che Natuteꝰ bf Attraction or Gravity, that 
iß n Stone! fa towards the Earth, the 
10% G ups mr i! « ena 


| 6 Nas Hnde 1644 ae we. have this A The 
dr? res 19h bi bt, as A C to A G, "that 
ET rey om — 
18 evid GN bd 8 8 
Hefte Broke! : the leſs its Force, been the | 
Mok teſpe&t of A C, 


the cee n. Non-elaftic, in = the Line 
G, SCG = Al, and this 211 be the horizon- 
tal Velocity ef Aufteriithe Stroke, which will be the 


. 7 75 * nee the whole Force I C of the 
Strikin 
XXII 


is. we can find (by Arnot. 
8 Part rec ren remains after the Stroke, 

W ie Pr dF D, (taken from F totheRi 

— drawing CD. it, ſhall repreſent the Motion end Di. 


rection of A after the Stroke, while Byvill go on towards 


E with]the Motion BE E generated by the Stroke, (which 
alſo may be found as before) and will be equal to F D, 

if the Bodies A and B are equal. 

8. If the Bodies are Ela/tic, and B leſs than A, the 
Direction of A after the Stroke, (viz. CD) will make 
an Acute Angle with BE the Direction of B, or lie on 
the Right of CF. If B be greater than A, it will be 
refleted ſo that CD will make an obtuſe Ang le with 
CE, or lie on the left of it. But if both the Bodies are 
equal, the whole Motion of A in the Direction can 
be deſtroyed (by Aunot. XXIII. 19.) and it will p 

with only the horizontal Velocity in the Direction CF, 

wo a right Angle with CE, the Direction of B. r | 
| f two Bodies A, B, in Motion, impinge on each 
the. in the Point C in the oblique Directions AC, BC, 

theſe are each reſolvable- into two, viz. AE and EC: 

and BD and DC. Now ſince EC and DC are paral- 
lc], they cannot obſtruct each other, ſo will be the ſame 
after the Stroke as before it. But AE and BD, bein 

oppoſite, will expreſs the Forces with which the Bodies 


ſtrike each other directly, and may be found by the 
Rules above delivered. 
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Quantity of Motion both in che Earth and 
Stone is the ſame. - That the Iron attracts 
the Loadſtone with an equal Power of 
Magnetiſm, is evident by Experiment. 
That Action and Re-actian are equal be- 
tween impinging Bodies, or that the ſame 
Quantity of Motion that is generated in 
one Body is deſtroy'd in the other by the 
Stroke, whether the Bodies be ela/tc or 
non-elaſtic, will alſo be made apparent to 
the Senſes by Experiment. Whence alſo 
it will appear, that the Action or Effect of 
elaſtic Bodies is twice as great, as that of 
Bodies void of Elaſticity (XXV). 

| „ „ (Azeri Fon 

10, If then we make CE=CE, and CD=CD: Al- 
ſo CG Motion of A after the Stroke, and CF Mo- 
tion of B, and eompleat the Parallelograms , and 
DF, their Diagonals CA and CB will be the Directions, 
and cxpreſs the Velocities A and B after the Stroke. 
This Conſtruction is general, and may be accommo- 
dated to particular Caſes, varying with the Magnitudes 
and Velocities, &c, of the impinging Bodies. 

(XXV). Let Q= Quantity of y a in the Earth, 
and V = the Velocity with which it moves by Attraction; 
and let g and v denote the ſame. Things in the falling 
Stone; then ſince the Earth and Stone act mutually on 
each other by Attraction, the Velocity of each, and 
coniequently the Spaces they deſcribe in the fame Time, 
will be as the Power acting on each Body, which there- 
fore will be inverſely as the Quantities of Matter in each: 
Conſequently Q: q: : v: V; and ſo QV q, or the 
> of the Earth is equal to that of the falling 
. | 
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Stone; but if its \ 


ME ORHAN T 8. 


— FRoM- this Law we have a Solocben 
divers POE otherviſe you to bes 


% _ | 


2. In like Manner, when 2 Horſe draws 2 Stone 
Cord being equally ſtretch'd between both, atts ah y 
n both, and that which has leaſt Reſiſtance — 
— is drawn along. This is uſually the Cale od 
eight be increaſed, and the ich iu 
Reſiftance, till it be equal or greater than/th of Wil 
Horſe, then neither Horſe nor Stone will move,; u 
the Stone be laid on a Deſcent, and then it will moves 
contrary Way, and draw the Horſe after it. 9 
In the ſame Manner we may mg 
Rowing, Swimming, Flying, Ce. is performed 
the Boat, the Fiſh, and the Bird, are Bodies 
moveable with the leaſt Impetus; but the Water 2 
Air in which they move, tho ' Joid Bodies, 2 
great Reſiſtance to others which ſtrike them, e 
with an equal Force, in a contrary Direction; π]]·]-»ÿ: 
this Means impel the Boat, the ib, and Bird in a 
rection nearly contrary to that in which they | ſtrike % 
and with an equal Force, 

4. Aderſennus tells us a Cannon 12 Feet in Leng 
weighing 6400 /b. gives a Ball of 24 U. an uniform 
locity at the Rate of 640 Feet per Second. Put N＋π]ͤ 
10 = 24, v=640, v=Velocity, with which the Canna 
recoils, Now ſince the Momentum of the Cannon and | 


Ball are equal, we hive wv = wy, and fo v ==> Fe. 


640X24 _ 
— = 2,4, the Velocity of the Cannon ; that i 


it would recoil at the Rate of 27% Feet per Secondly i 


to move. 


5. But if the Cannon be fix'd, it will receive a Shock? 
or Preſſure from the expanſive F orge of the Py 


equal to the Preſſure of a certain Weight, which Weight 


may thus be found. As the Powd conſtantly acts ol 
the Ball while in the Cannon, it will drive it 3 
I 
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ounted for: As, why ſoft and unelaſtie 
Bodies retain the Impreſſions of others, : 


with an accelerated Velocity, which accelerated Velo. 
city will produce an uniform Velocity of 24 Feet in the 
ſame Time (as we ſhall ſhew hereafter) when free from 
the Cannon. And ſince the Ball goes at the Rate of 


640 Feet per Second, it will paſs over 24 Feet in — | 
of a Second, which therefore is the Time of its paſſing 
thro' the Cannon, 


6. Now ſince in accelerated Velocities the Spacey 
paſſed over are as the Squares of the Times, therefore 


„r. or as 1“ is to 28 ½ (7111) ſo is 12 
: | 


Feet to 85331 Feet, which the Ball would be carried 
through in one Second by the accelerating Force of the 
Powder. 

7. But ſince the accelerating Force of Gravity gives 
the Ball a Weight of 24 Pounds, the greater accelerat- 
ing Force of the Powder will give it the Force of Weight 
12800 Pounds. For the Weights of Bodies are as 
the accelerating Forces, and theſe are the Spaces paſ- 
ſed thro? in the ſame Time; therefore 16 F.: 24 0b.:: 
85331 F.: 12800 10. as required. 8 

8. But if the Cannon be free to recoil, Part of this 
Force will be ſpent in giving it a Velocity of 2,4 Feet in 
a Second, and to find what Part of the whole Weight 
12800 Pounds; that is, we are to conſider that as the 
whole Force produces a Velocity of 640 Feet in a Se- 
cond one Way, ſo when the Piece recoils, this Velocity 
is divided into two Parts in contrary Directions, viz. in- 
to 640—2, 4 and 2, 4; the whole Force therefore of 
12800 Pound muſt be divided into Parts of the ſame 
Proportion; thus, as 640—2, 4: 2,4 : : 637,6 : 2,4: 2 
7 Fi 2:5 e 23 
12800 : x=48 Pounds, Wherefore of the 12800 Pounds 
only 48 are ſpent for giving a Recoil to the Cannon, 
the other 12772 Pounds ſpend themſelves in Preſſure on 
the Gun and Ball, giving it a Velocity of 637,6 Feet 
per Second, | 
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| through are as the Squares of the Times or 


5 pation, withy: te * aquired Velocity of 


Mzcnanaics: 
while hard and elaſtit Bodies BU wit 
equal Force, and under equal Angles. Hence, 
the Reaſon of Ra wing with Oars, and the 
Swimming of Fi Nes in Water; alſo che 


Hung of Birds in Air; the Recoiling of 


Guns; the "retro-vertiginous Motion of the 
Tan; ; the Hydroſtatic Paradox; and 
many other Things [hereafter occaſionally 
mentjoned, are accountable, for on this and 
no other Principle. | 

''WE proce next to conſider the Nature 
of Motion belonging to. Bodies which  defeend 

freely by the Forte , Gravity in Vacus, or 
an Uhreſifling Medium: And this Kind of 
Motion we fhall find * with the 
followiils Properties; viz. (1) That it is 


equably accelerated. (z.) That its Velo- 


city is always proportional to the Time of 
the Fall. (3.) That the Spaces paſſed 


Velocities. And therefore, (4.) That the 
Velocity, and conſequently the Momentum, 
Which is proportional thereto, is as the 
Square Root: of the Space deſcended 
through. '{5.) That the Space © paſſed 
through the firſt Second is very nearly 
1658 Feet. (60 That a Body will paſs 
over twice the Space in an horizontal * 


the 


- 
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the deſcending Body, in the ſame Time 
(XXV). i eee ODE en ee 


(XXVI) 1. It has been ſhewn ( Annot. XXI.) that 
the Motion of a Body falling freely by its Gravity is 
equably accelerated; and that #s Velocity. is at ail Diftances - 

ional to the Time of © the Fall, is evident from 

hence, that in every equal Partiele of Time, the Body 
receives an equal Impulſe from Gravity, which generates 
an equal Increment of Velocity; which, de r pt 
it increaſes with, muſt alſo be proportional 'to* the 
Times, J. $0344 + oy HK EIS 
2. That the Spaces paſſed thro" are as the Squares of' the 
Times or V. obs on is e evident, that 1* the Time 
of the Fall thro' a certain Space be repreſented by A 1, 
and the Velocity acquired in the End of that Time be 
14; then drawing Aa, the Triangle A 1 a will repreſent 
the Space paſs'd thro in that Time. Fot if we conceive pt III 
the Line A 1 to be divided into an infinite Number of pi, 
equal Parts, and thro? each of theſe Diviſions, Lines 8 5 
drawn parallel to 1 4, theſe will repreſent the-Velocities 
in the ſeveral Particles of Time. Now the Space de- 
ſcribed in each Moment will be as the Velocity (becauſe, 
for a Moment the Velocity may be conſidered Þ uni- 
form) conſequently the Sum'sf all the Spaces deſcribed , 
in the Moments in the Time Af, will be as the Sum 
of all the Velocities, or Lines lel, to 14, which re-, 
preſent them: But the Sum of all theſe Lines make up 
| the Area of the Triangle A 1a, therefore the: whole Space 
paſs'd thro in the Time AI will be as the Area, of the 
Triangle A1a. e * 
| 3. Therefore the Triangle Ab repreſents the:Spgee 
| 
p 


* 


X * 
5 


re 


1 ne — * * 


paſs'd thro* in the Time Az, ang the Triangle Age the 

Space paſſed thro? in the Time 28 and ſo on. But 

the Triangles A 1a, Azb, Er. "'Emilar, and there- 
| fore are to each other as the Squares of their Sides Al, 
Az, or 1a, 2b, Sc. That is, The Spaces are as the 
Squares of the Times or Velicities. — 
4. Conſequently the Velocities and Times of the Fall are 
: a; the Square Roots of the Spaces paſs'd thre ; and m_ 


% * 


Plate III. 
Fig. 5. 


Menne 


Hencgoit follows]! that if one Leg 45 


of lia rightangled Triaaugle drr the 
agent}, 9d; to. DYA $14. 411 ta Time 


14 ealguont) balls} BY Fe * O ana 213154 
1757 is always M | 
810 — Cle ER) of wen [ns we W Y 
Budy at the Velocity, or 2 My 

Sr, $4 1925 


1 thre which the Body falli. . 
t has been fou very accurate Experiment 


made by dettilg Bodies bf vatious Sorts fall from the 


Height/of the Dame of St. Paul's, to the Favement, 
that Gravity accelerates Bodies in the beginning of their 


Fall, at the Rats df 16, 13 Feet in the firſt — 


Time. This —.— alſo = otherways ſhewn & N 
bega e demo that the Time (9. of the 1 . 
bration of a Pex Nada (in he Arch of a Cycloid) is to 
the Time () of 4 Body's falling thro” Half the 


ircle to the Diameter (D). (Annotat, 

III. 4 0 
6. Again, it is found that the Leng of a Pendulum 
vibrating Seconds is 39,2 Inches, w ſince ſince Tz. I: 


P: D 314159 : 1, we have Ta f. . 717 
* L; whence we have Lz. 14 50 =16 Fe EI 
the Space deſcended in the Time of one Men 
or 1 Second. 1 | 
7. Since the Space paſs'd thro' by an uniform Motion 
in the Lime AB with the Velocity BC is ABC 


Leghorn of the 9 81155 () as the run. 
XX 


ABCD=2ACB)} it is evident that 4 Bod ly moving Un | 


formly with the laft acquired Velocity BC of a deſcending 
Body, will move thro' twice the Space in the Tim: AB of 
the Fall. 


8. It i is farther evident, that ſince the Spaces. Jeſcended | 


thro* in each Second are as the odd Numbers, 1, 3, $s 
9, 11, 13, 15, Cc. and theſe Numbers conſtantly ap- 
proach nearer and nearer to an Equality, ſo the aceele- 
rated Motion of the Deſcent does by Degrees approach 
nearer and nearer to an uniform Motion; thus the 
Spaces 101, 103, 105, differ but little; and the Spaces 
1001, 1003, 1005, differ ä but when we come 


a. 


MrcHAN Tes. 1 

Tine of the Fall, and the other Leg BO the 
Velocity acquired at the End of the Fall; 

then will the Area ABC of the Triangle 
repreſent the Space paſſed through. And 

hence the Spaces deſcended thiough at. ths 

End of every Second Al be 8 the. Squar 

Numbers 1. 4. 9. 16. 2 277 36. Se. ad 
therefore the Spaces Da t ugh in kk 

Second ſeparately will de asche odd Num- 


n Sb 


bert f. J. 25» i 15. Oc. a in 

the Figure. 48 4 hind il e er GN 1 
Tur next Sort of Motion 16 that of B. 

; dies deſcending, on inclined... Planes, and 

f curved Surfaces, Which wer find Uifti ngu 

| ed with the following "Properties. PHY: 

The Motion on the inclined Planes is un- 


bly accelerated, as arlſing from Grad ty. 5 
2.) The Force of Gravity competing 4 


Body, as A, to deſcend on an inclined 

Plane BD, is to the abſolute Force of Gra- Plate V. 
vity as the Height of the Plane BC to its 2 * 
Length BD. (3.) ne Fara deſcended 


are 


1 
— 


711 8 


to the Spaces 1000000001, 1000000003, 100000046g, 
theſe are ſo very near equal, that the Motion may_now . 
be eſteemed uniform. , 
9. If the Deſceut be in a Be ring Medium, the Mo- 
tion will actually become uniform at a certain Diſtange, 
and the ſooner as the Medium is denſer ; ; thus a Body 
ag in Air will be longer i in acquiring an uniform 
lotion 


? 
| - 
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are as the Squares of the Times. (4) 


The Times in which different Planes, B, 
BH, of the ſame Altitude BC. are paſſed 
over, 7 as their Lengths reſpectively. 5) 
The Velocities acquired by deſcending 
through! ſuch Planes at the loweſt Points, 


| DH, are all equal. (6.) Therefore f 2 


Boe 


rz e 22S 1 a SEL 
Motion than in Water, and in Quickſilver, it will ſoon 


obtain it; becauſe as the Denſity increaſes, ſo does the 


| Reſiſtance, and conſequently the Increments of Velocity 


are annihilated in the ſame Ratio, and the Motion te. 
duced to. Uniformity. | 

10. Bodies of the fame Matter and Figures will ſooner 
come to an uniform Motion as the Magnitudes are leſ. 
ſer ; for it is ſhewn (in Geometry) that the Quantities 
of Matter decreaſe in Bodies with the Cubes of the Dia- 
meters, but the Surfaces decreaſe only with the Squares 
of the Diameters. And fince the Reſiſtance. is propor- 
tional to the Surfaces of Bodies, moving in the fame 
Medium with the ſame Velocity, it will follow that 
ſmaller Bodies will be more reſiſted than larger ons, 
and fo come ſooner to an uniform Motion. Hence it is, 
that a Body reduced to Powder deſcends very flowly and 
with nearly an uniform Motion in Water, tho“ in the 
Solid much heavier than Water. Alſo a Bullet ſhot 
from a Gun will go much farther and with a greater 
Velocity than à Charge cf ſmall Shot of the fame 
Weight, or a Ball of Cork of the ſame Size, which in 
Varus would go much farther than the Bullet, as ad- 
mitting a greater Velocity with a leſs Quantity of Mat- 
ter, from the ſame Momentum of the Powder. | 

11. If Bodies (equal and homogeneous) move in the 
fame Medium with different Velocities, thoſe which 
move faſteſt will ſooneſt acquire an uniform Motion, 
fince (as will be ſhewn) the Reſiſtance in ſuch a Cale 
increaſes with the Squares of the Velocity. If the Ve- 
locity with which a Body is projected downwards be 


equal 
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Meenlkfes, 
Body deſcends. from the fame Height thiro* 
ſeveral contiguous: Planes, ever fo different 
quire the ſame Velocity in the loweſt 


Wot 


oo 
0 


Point. (J.) The Times or Velocities of 
Bodies deſcending through Planes ſimilarly 


ſituated, or alike inclined to the Horizon, as 
DB, EC, will be as the Square Roots of 


their Lengths DB; EC (XXVII. 


| From 
equal to the uniform Motion of a free Defcent, the Mo- 
tion will be every where uniform, becauſe the Neſiſ- 
tance of the Medium is equal to Gravity, But if a Bo- 
dy (as a Ball from a Cannon) be projected with a Ve- 
locity greater than that,. the Motion: will be retarded, 


Fig. 2; 


inaſmuch as the Reſiſtance-is ws. / 0a than Gravity, 


and fo will diminiſh the uniform Motion, ariſing from 
the Equilibrium juſt mentioned; . 33:78 162601 
12. Hence light Bodies on an Arrow) thrown di- 
realy upwards, ſpend leſs 'T ime in rifing than falling, 
becauſe the Motion upwards is altogether retarded, 
whereas that of the Deſcent is in ſome Part unifołm. 
Alſo the greater the Velocity with which a Body (as a 


Bullet) enters a denſe Medium (as Water) the leſs: 


the Effect at a given Diſtance therein; and with the 
greater Force they are reflected or thrown out again, 
when projected obliquely, as we ſee in a Stone thug 
thrown.into the Water, Ec. | ns re 

(XXVII) Let BD be an inclined Plane, A a Body 
deſcending thereon ; from the Centre C draw CE per- 
pendicular to the Plane, and CG perpendicular to the 
Horizon or Baſe CD, and meeting the Plane in F. 
Now ſince the Body gravitates in the Direction CF, let 
CF repreſent the Weight of the Body or abſolute Force 


plate vi. 
Fig. I. 


of Gravity; this may be reſolv'd into two Forces, act- 


ing in the Direction CE and EF, of which the firſt is 
perpendicular to the Plane, and is that by which it 
Vor. I. 1 . prefles 


SE , © Mzcnanics, 


Fx on theſe Properties of Bodies deſcend: 
ing on Inclined Planes, we deduce the fol- 
lowing - Corollaries, viz. (I.) That the 
Times in which a Body deſcends through 


preſſes or acts upon the Plane; but ſince the Plane 
3 equally acts upon the Body in a contrary Direction, that 
1 Poorce CE is wholly deſtroy'd. The Remainder there- 
| fore, EF, is that, which carries the Body down the 
Plane, as acting in a Direction parallel thereto ; and 
this is called the relative Gravity. ä | 
2. Now becauſe of the ſimilar Triangles CFE, 
DFG, DBC, we have CF: FE: : DF: FG: : BD: BC; 
that is, the abſolute Gravity CF is to the Reſidual or Re- 
lative Gravity FE, as the Length of the Plane BD to the 
Height thereof BC. n | 
3. Alſo ſince the Triangles BDC and BCl are ſimi- 
lar (CI being drawn perpendicular to BD); and ſinee 
the Spaces deſcribed in the ſame Time in the Perpen- 
dicular and on the Plane will be as the Powers of Gra- 
vity, or accelerating Forces in thoſe Directions, that is, 
as BD to BC, or as BC to BI (for BD: BC: : BC: 
BI). Therefore BI will be the Diſtance deſcended on 
the Plane in the ſame Time as a Body would deſcend 
freely in the Perpendicular from B to C. 
4. Since the Motion on the Plane is accelerated, the 
Time of deſcribing BI will be to the Time of deſcribing 


BD, as BI: BD: ::: T; and ſo *: T*:: BI: 
BD; but, (becauſe BI: BC :: BC: BD) we have BI: 
BD : : BI-: BC*; therefore *: T* : : BI* : BC*; and 
ſo t: T:: BI: BC : : BC: BD; 1 the Time 
| of deſeribing BI er BC will be to the Time of deſcending 
through the Plane BD, as the Height of the Plane BC ta 
its Length BD. OY 
5. Hence the Time (T) of deſcending thro” any 
other Plane BH of the ſame Height (Fig. 6.) is to the 
Time (t) of the Deſcent thro* the Perpendicular BC, 
as BH to BC; that is, T: t:: BH: BC; but it is alſo 
: t:: BD: BC; therefore er #quo, we have T 8 fa 
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the Diameter BC, or any Chord BE of a 


Citcle; are equal. Hence, (2.) All the 
Chords of a Circle are deſcribed in equal 
Times. (3:) The Velocities acquired ini 


BD: BH; or the Times of deſcending thro' ſeveral 
Planes BD, BH, of: the ſame Height, are as the Length 
of the Planes. 1 1 ö 

6. The Velocity acquired in falling to C, is to the 
Velocity at I as BC to BI, (for the Velocities generated 
in the ſame Time, muſt be as the Powers which pro- 
duce them), Alſo the Velocity at D is to that at I as 
Bb to the VBI; or V: /: BDB: I; and 
ſo Va: V:: BD: BI:: BC*® : BI; therefore V: Y:: 
BC: BI; ſince then the Velocity at C and D have 
both the ſame Ratio to the Velocity at I, they muſt be 
equal to each other. | | 7% 

7. In the fame Manner it is ſhewn that the Velocity 
at H is equal to the Velocity at C ; and conſequently the 
Velocities acquired in deſcending thro' Inclined Planes 
of the ſame Height are always equal. 

8. Hence a Body deſcending thro' ſeveral Inclined 
Planes AF, FE, ED, contiguous to each other, will 
have the ſame Velocity at the Point D, as it would 
have acquired in falling freely through the ſame per- 
pendicular Height BC, for the Velocity at F is the ſame 
it would have had by deſcending thro' GF, which has 
the ſame Altitude ; and the Velocity at E is the ſame 
it would have gained by deſcending thro' BE; conſe- 
quently the Velocity of D is the ſame it would acquire 
by deſcending thro' BD; and therefore the ſame” it 
would have by falling freely thro' the Perpendicular BC. 

9. If now we ſuppoſe the Number of thoſe conti- 
guous Planes infinite, and their Lengths infinitely 
imall, they will then conſtitute a Curve Line; whence 
it follows, That a Body deſcending thro' the Arch of 
any Curve BH will acquire the ſame Velocity in the 
loweſt Point H, as it would have at C, by falling 
thro* the ſame perpendicular Height BC. 1 T90 

e ro. If 
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deſcending | 


Plate VI. 
Fig. 2. 
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deſcending. through any Arch of a Circle 

; EC, in the loweſt Point C, is equal to that 
which would be acquired in falling through 
the ſame perpendicular Height FC. (4 

The Velocities acquired in deſcending 
through the Chords IC, EC, of a Circle, 

; | ö . are, 


PlateVI. 10. If there are two Planes, BD and CE, fimilarly 
Fig. 3 ſituated, or alike inclined to the Horizon AE ; the Time 

8. 3. of the Deſcent on DB, will be to the Time of the De- 
ſcent on CE, as Square Roots of their Lengths ; for 
the Time on BD is to the Time thro' BA, as DB to 
BA (by Art. 4.) and the Time on CE is to the Time 
thro' CA, as CE to CA; but the Times thro' BA and 
CA are as the Square Roots of BA and CA; and ſince 


; by ſimilar Triangles we have V BA : CA: f 
| VBD : , it follows, That the Times of wh n 
of 


two fimilar Planes DB and CE are as the Square 
their Lengths, or as V BD to V CE. 
Plate V. 11+ From what has been demonſtrated in the prece- 
Fig. 1, ding Articles, it follows, (1.) That the Times of de- 
ſcending from B to I, and to E, are equal, being each 
equal to the Time of Deſcent thro” the Perpenticuls 
BC. (2.) For the ſame Reaſon the Deſcent thro' IC 
and EC, and conſequently thro' all the Chords of a 
Circle, are equal. (3.) The Velocities at C acquired 
by the ſaid Deſcents are as the Lengths of the Chords 
IC and EC. For ſince BC: EC:: EC: CF, we have 


_ Ec: 10. 

BC — TC 3 and for the ſame Reaſon BC — GO 

| whence — = = ; and therefore I C: EC:: 
8 


VGC:vVFC; chat is, as the Velocities in the De- 
ſcents thro? IC and EC. (4.) Laſtly, ſince the Times 
of Deſcent through the Planes DB and E C are as 
DB to ET, they will alſo be as BA to CA; 
for DB: EC:: BA: CA. 
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are, at the loweſt Point C, as the Lengths 


of thoſe Chords. (5.) The Times of De- 


ſcent through Chords of ſimilar Arches *' 


DB, EC, are as the- Square Roots of the 
Semidiameters AB, AC, of the reſpective 
Cireles, | 

From theſe Properties, and their Corol- 
laries, the Doctrine of PENDULuus is de- 
rived, A PENDULUM is any Body B, ſuſ- 
pended upon, and moveable about a Point 
A, as a Centre. The Nature of a Pendu- 


lum conſiſts in the following Particulars. 


(l.) The Times of the Vibrations of a 
Pendulum in very ſmall Arches are all 
equal. (2.) The Velocity of the Bob in 
the loweſt Point will be nearly as the 
Length of the Chord of the Arch which it 
deſcribes in the Deſcent. (3.) The Times 
of Vibration in different Pendulums, AB, 
AC, are as the Square Roots of their 


Lengths. (4.) Hence the Lengths of Pen- 


dulums AB, AC, are as the Squares of the 
Times of their Vibrations. (F.) The Time 
of one Vibration is to the Time of De- 
ſcent through half the Length of the Pen- 
dulum, as the-Circumference of a Circle to 
its Diameter. (6.) Whence the Length of 
a Pendulum vibrating Seconds will be 
found 39 Inches nearly; and of an Haff 

| I 3 Second 
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| Second Pendulum 9,8 Inches. (>) An 
Fig. 4+ uniform homogeneous Body BG, as A Rod, 


a 

F<: &c. which. is one third Part longer a 
than a Pendulum AD, will. vibrate in the f 
ame Time with it unh. (8.) This © 
| Dentre f 

| 

t 


(xxvin) 1. As the Doctrine of Pendulums | and 

Time-keeping Inſtruments depends in a great Meaſure 

| PlateVI, upon the C 75 Cychid, I think it neceſſary here to ſhew the 

Fi Nature and Ute of that Curve, with regard thereto, If 

Se 4 a Circle ABC, infiſting on a right Line AL, begin to 

revolve in the Manner of a Wheel, from A towards L, 

a the Point A will, by its twofold Motion deſcribe the 

t Curve AC DIL, while the Circle makes one Revolu- 
| tion from A to L. 

2. This Curve is called the Crcuole and from the 
Definition *ris evident 2 I.) That the Baſe of the Cy- 
cloid AL is equal to the Periphery of the generating 
Circle ABC. 8 ) The Axis of the Cyeloid FD is 
equal to the Diameter of the ſaid Circle. (3.) That 
the Part of the Baſe KL is equal to the Arch of the 
Circle IK. (4.) Therefore KF PR is equal 
to the remaining Arch IH, or (5.) That the 
Chord of the Circle KI is 22 to the Cycloid 
in the Point I; and (6.) Therefore the Chord HI 
(being at right Angles with IK) is a Tangent to the 

urve in the Point I. (7.) The ſaid Tangent HI i 
parallel to the Chord DG. 

3. Parallel to EI draw ei infinitely near, and Ir 

erpendicular thereto ; then will the Triangles DGE, 
DGF, Ini, be ſimilar, and ſo we have DE : DG : : DG: 
I: Ii; that is, putting! DF = a, and DE =x, 


_ Jai Je8: nid 2888 175 
"Vas: 


Fluxion of the Arch DI, whoſe Fluent is 2747 = 
2DG = the Arch DI; and conſequently, the Semicy- 
cloid DIL =2DF, the Diameter of the generating 


Circle, 
4. Let 


a i... 
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a flexible String faſten'd at one End in A, and ftretch'd 
along the ſaid Curve Al, fo that the other End of the 
String ſhould be made to coincide with the Point D; 
whence the ig; of the String will be equal to that 
of the Curve: If now the End of the String be taken 


from D, and with a tight Hand be drawn from the 4 | 


cloid, it will in its Evolution, deſcribe the Curve D 
the Nature of which we are now to inveſtigate, 
5. Let the 1605 in evolving, be in any Situation 


AIHB, then is IB (called the Radius of Evolutiog ) equal 
to the Part of the Cycloid ID. Put FD=AK =a, DE 
=x, CO =y, CB x, then is ni , Ba= Op =, 


Bb S z; and (by Art. 3.) DI = (IB) 24/4 x, whoſe | 


| 1 
Fluxion is x 2 Ii; therefore æ X — — 2 
WF. 4 


(177-72 2 — = In, whence IA = 
3 . 

=; butIn: 1i::ca:cB::aB: Bb 22 = 

ya XJ 


BM - BN MNS IAS ED x. Conſe- 
quently BH—HI; and alſo CK KA, becauſe all 
the Radii of Evolution (of which AC is the laſt) are 
biſected by the baſe LD; therefore CK — OK = 


ag—x=O0C=y; whence \/ y = Va x, and ſo & = 


. therefore z = 2 Vay; conſequently the 


7 
Curve CBD, having the ſame Property with AID, is 
every Way equal and fimilar thereto, 


6. Whence it appears that if AC be the Length of a 


Pendulum ſo diſpoſed, as to vibrate between the two 
Semicycloids AD and AL, the Bob will deſcribe in its 
Motion the Cycloid DCL. The Properties of which 
Motion will now eaſily appear: For with reſpect to the 


I 4 Velocity 


- 4. Let AID be a Semicycloid inverted ; and ſuppoſe Fig. 5. 
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| $C = 4RC ; conſequently the Velocity at C' is. 
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Velocity acquired by deſcending t thro! any Arch RS. op | 


BC, it is always as WO C which is as the Chord 

Where as the Space. ed through, or as 7 he Arch 

- deſcribed in Lee. 75 
7. But ſince it is always 8 = TV, in all Kind 

Motions ; if in any Caſe $ be as V, tis * 

be à given Quantity, or always the ſame. | 

When the Spaces (8, ,) are as the Vase ( 62 

the Times (T, t,) will be always equal ; and rs 


all the Arches of a Gund great or ſmall, are deſcribed in 


equal Times. © 
8. If we put CE = a, KO = x, then will 28 C 


RC=2vga—az; if the Deſcent be from L to R, the 
Velocity at R will be V = GE. Now CO: 


cs (; cs: CK); : Ry: Rr = —=— = +, th 
ad- q 


Fluxion of the Arch LR, which divided by the Velo- 
ax 


city * x gives the Fluxion of the Time = . 


4 
— 1 = che Fluxion 


Faw a X V ax—xx 2V ax—xx 
of the circular Arch K S; therefore the Fluent of 


the Time of Deſcent thro' LR is the Arch = A 


wherefore when 8 coincides with C, LR will become 


LC; and fo the Time of Deſcent thro? the Semicy- ; 


cloid will be 12 SC 
9 


be 
a 


9. Therefore the Time of Vibration thro' the whole 


Cycloid LCD is == and the Time of Deſcent 


thro? the Perpendicular K C = a, R as 2 Va, We 


4Ks 7 


* 


Vibrating 


am ad ys wed A A wwe wa, > 3 
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tbration in the Cycloid is to the Time of een 
Wu its Length, as the Circumference of @ irele to its 
Diameter, or as 3, 14159 to 1. | Wh, > 
10. If AC be the Length of a Pendulum vibrating 
Seconds, it may be eaſily found, ſince it is known 
moſt accurate Experiments, that a Body deſcends freely 
by Gravity thro 1933 Inches in the firſt Second of | 
| 1 ime; therefore by making this Analogy, as 3, 14159 N 
:1* :: 1931: 19,6 = AK, and ſo AC=39,2 Inches, , 
the Length of a ſecond Pendulum, as required, And ſince 
the Lengths are as the Squares of the Limes of Vibra- 
tions, we have 4: I : : 30, : 9,8 Inches, the Length 
of an half-ſecond Pendulum, . 


: 11. Since the Length of a Pendulum A C, for vi- 
: brating Seconds, is ſo conſiderable, the Bob, without 
. the Cycloidal Cheeks A L and AD, will indeed de- 


ſcribe the Arch of a Circle, as F Ce, when it vibrates, 
e but then this circular Arch will, for ſome Diſtance on 
each Side the loweſt Point C, coincide with the Cy- 
cloid very nearly; as for Example, to g and h; and 
hence it follows that a common Pendulum, vibrating 


t through very ſmall Arches g h will perform all its Vi- 
” brations in equal Times. And hence the above-men- 
tioned Cycloidal Checks came into Diſuſe. 

1 12. Hence the Time of Deſcent through the Chord 
| Cg is to the Time of Deſcent through the Arch of the 
q Circle or Cycloid belonging to it as 4 a (ſuppoſing 

| I 
3 AC =2a) to , or as 2 4 to 1 P, that is, as @ to 
4 | 
- | 
we 12722 — — = , 7854, or as 1 to o, 7854, which is 


the Proportion of a Square to its inſcribed Circle. 

13. In all that has been hitherto ſaid, the Power of 
Gravity has been ſuppoſed conſtantly the ſame. But if 
the ſaid Power varies, the Lengths of Pendulums muft 
t vary in the ſame Proportion, in order that they may 
| vibrate in equal Times; for we have ſhewn that the 
. Ratio of the Times of Vibration and Deſcent through 
| half the Lengths is given, and conſequently the Times 
, of Vibration and Deſcent through the whole Length is 
yen: But the Times of Vibration are ſuppoſed equal, 
| Rs dere 
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Centre of Oſcillation E in the Rod, is "al 


the Centre of Percuſſan, or that Point in 


which-the Force of the Stroke is the gr 


Poſſible (XXIX). 1 | 


therefore the Times of Deſcent thro” the 


| of 
the Pendulums are equal. But Bodies deſcending thro 
unequal Spaces in equal Times are impell'd b N 


that are as the Spaces deſcribed, that is, the Powers of 


Gravity are as the Lengths of the Pendulums. See Anmt, 
XXVII. Art. 2 and | 


(XXIX) 1. If AB be an uniform Rod vibrating 


about the Point A, the Velocities of every Point D, C, 


B, will be as the Arches D E, C F, BG deſcribed in 
the fame Time; but thoſe Arches are as AD, AC, 


AB; conſequently the Velocity of every Point is propor- 
tional to its Difec rom the 2.9 0 "Uetian A. ds. 

2. Therefore if x repreſent the Length of the 
Line, it will repreſent alſo the Sum of all the Ve- 
locities, of which + will be the Fluxion ; therefore 
xx will be the Fluxion of the Momenta, and fo 


the Fluent — will be the Sum of all the Amen, 
which divided by the Quantity of Matter x, will give 
- for an Expreſſion of all the Velocities on each Side 


the common Center of Gravity of all the Points, which 
therefore is in the middle Point of the Line A B. 

3- In regard of ſtriking an Object, the Momentum of 
each Particle will be increaſed in Proportion to its Ve- 
mot and Diſtance from the Center A, and this is call'd 

Force of the Particle; therefore if the Fluxion of 
the Momenta x * be multiplied by the Velocity x, the 
Product x x x will be the Fluxion of the Forces of all 


the Particles : The Fluent of which 2 will be the Sum 
of all the Forces, which divided by he Sum of all the 
Momeiita — will give ; x = Diſtance of the Center of 
Forces from the Point A. In this Center C, —_ 
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FroM, theſe Properties of the Pendulum 
we may diſcern its Uſe as an anverſal 
CHRONOMETER, or Regulator of Time, as 
jt is uſed in Clocks and ſuch-like Machines, 
By this Inſtrument alſo we can meaſure 
the Diſtance of a Ship, by meaſuring the 
Interval of Time between the Fire and 


the Sound of the Gun; , alſo the Diſtance 


of a Cloud, by numbering the Seconds or 
Half-Seconds between the Lightning and 
Thunder. Thus, ſuppoſe between the 
Lightning and Thunder we number 10 
Seconds; then, becauſe Sound paſſes 
through 1143 Feet in one Second, we 
have the Diſtance of the Cloud equal to 
11420 Feet. Again ; the Height of any 
Room, or other Object, may be meaſured 
by a Pendulum vibrating from the Top 
thereof, Thus, ſuppoſe a Pendulum from 
the Height of a Room vibrates once in 
three Seconds; then ſay, As 1 is to the 


Square 


the Force of all the Particles will be united, and conſe- 
quently this Point, and no other, will ſtrike with the 
Force of the whole Rod, which is therefore called the 
Center L PERCUSSION, gd | 

4. This Point is alſo the Center of Oſcillation or Vi- 
bration; for ſince it-ſtrikes with the Force of all the 
Particles in the Line A B, it will move in the ſame 
Manner as if all the Particles were in that Point col- 
lected together, that is, it will oſcillate or vibrate in the 
ſame Time with a fingle Pendulum, whoſe Length is 
equal to that Diſtance, viz. 3 of A B. 


3 
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Square of 3, dig. 9, ſo is 39,2 to 3528 
Feet, the Height required. Laſtly, by the 
Pendulum we diſcover the different Force 
of Gravity on diverſe Parts of the Earth's 
Surface, and thence the /rue Figure of the 

; TIE 


(XXX) x. Since it is found by Experiment, that a 
Pendulum under the Equator vibrating Seconds is ſhorter 
by rs of an Inch than ſuch an one in our Latitude; it 
follows, that the Gravity under the Equator is to the 
Gravity with us, as 391 to 392; as being propor- 
tional 2 the Lengths of the n — XXIII 
Art. 13.) Whency it is evident the Surface of the 
Earth is farther diſtant from the Center under the Equa- 
tor than in our Latitude, and therefore is not ſpherical, 
W hat the true Figure is, and whence it proceeds, will 
be ſhewn hereafter. 

2. To the Uſes of a Pendulum above-mentioned may 
be added another moſt conſiderable, viz. That a Pendu- 
lum is an univerſal Standard of Meaſure, becauſe the 
Length of any Pendulum is known by the Time of its 
Vibration; and therefore may be compared with the 
Length of a Second Pendulum as a Standard, Thus 
ſuppoſe a Japoneſ was enquiring the Length of the 
Engliſh Foot, and was told it made roo Vibrations in 
the Time a Second Pendulum made 55, he would im- 
mediately know the Time of a ſingle Vibration in each 
muſt be inverſely as thoſe Numbers, viz. as 55 to 
100 ; and then, that the Lengths of thoſe Pendulums 


were as the Squares of the Times, viz. as 100“: 55 
: : 30, 2: 12 =the Length of one Foot. | 
3. Hence, if the Length'of a Second Pendulum were 
made to conſiſt of 1000 equal Parts, the Lengths of 
the Meaſure made uſe of by all Nations might be com- 
pared therewith, and expreſs'd in thoſe Parts; thus the 
Engliſb Foot would be found equal to 306, 9 nearly; 
for as 39, 2: 12 :: 1000 : 306,9 fer?. And thus 
any other. If this Method of aſcertaining the _ 
ures 
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Tux greateſt Inconvenience attending 
this moſt uſeful Inſtrument is, that it is con- 
ſtantly liable to an Alteration of its Length 
from the Effects of Heat and Cold, which.vety 
ſenſibly expand and contract all Metalline 
Bodies, as will be very evident by the Pyro- 
neter (XXX). | bg 
| || - WHEN 


ſures were uſed by all Nations, it would entirely pre- 
clude all Doubts and Obſcurity in this Affair to Po- 
ſterity. cad) Py ; 

(XXXI.) 1. The PYROMETER which I have con- 
trived to ſhew the Extenſion of heated Metals, Cc. is 
perhaps the moſt ſimple, exact, and eaſy, that the Na- 
ture of ſuch a Machine will admit; and the Manner of 
computing 1.s Effect is as follows: 

2. AB is the Diameter of the Axis or Spindle on 
which the heated metalline Bar is laid, and is moved by 
its Extenſion ; on the other End is fixed a ſmall Wheel 
CDE, which is connected by a filken Thread to a 
ſmall Pinion Wheel G H, which on its Extremity car- 
ries a fine Index over the Diviſions of a large graduated 
Circle IKL. | 

3. Now admitting the metalline Rod extends 2e 
Part of an Inch, it is plain the Circumference of the 
Axis A B, on which it lies, muſt be moved through the 
lame Space; and ſuppoling the Wheel DE to be in 
Diameter 10 Times as large as the ſaid Axle AB, the 
Motion at D will be 10 Times as great, or the Point 
D will move through 5:3 Part of an Inch, But 
juſt ſo much as D moves, will the Periphery of the 
Pinion G H move, they both moving with the ſame 
Thread ; if therefore the Circle I K L be in Diameter 
10 Times as large as that of the Pinion G H, the Mo- 
tion of the Index (which it carries) on its Circumfe- 
rence will be 10 Times as great, viz. 54: Part of an 
inch, which will be viſible to the Eye : Conſequently 
" Inch on the graduated Circle will ſhew the Ex- 
tention of (100 X x65 =) re Part of an Inch in the 


Metal. 
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WHEN Pendulums were firſt applied to 
Clocks, they were made very ſhort; an 
| ee ett 


Metal. And ſo if the whole Circumference of the 
_ IKL be 10 Inches, one Revolution of the Tn. 
dex will ſhew the Expanſion of r of an Inch iti the 
Metal. doe OT | bg 

4. Hence it is eaſy to obſerve, that if the Wheel 
CDE, and Circle I K L, be enlarged in any P a 
to the Axes AB and G H greater than what I have 
aſſigned, the Power or E of the Machine will be 
increaſed in the fame Degree; and hence this Inſtru- 
ment may be conſtrued to ſhew very great Expanſions 
of the Metals with the utmoſt Degree of Accuracy, 

5. The Reader may be curious to know in what 
Proportion the ſeveral Sorts of Metals are expanſible, 
which I ſhall here ſhew in a Table made from the Ex- 
periments of Profeſſor Muſchenbroek, with 1, 2, 3, 4, 5, 
Flames of Spirits of Wine, | | 


Iron. Steel. Copper. Braſs. Tin. Lad. 
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Flame x 80 85- 89 110 153 55 

\ r 115 220 Rs 
3 : 142: 108 9 a75 Fw 
F K 

s 230 30 310 377 LO 


6. Here we obſerve the Expanſion of Iron to be the 
leaſt of all Metals, and that of Tin and Lead the 
reateſt, and nearly equal with one Flame. Hence the 
_Rods of Pendulums ought to be made of Iron, and alſo 
all Meaſures of Length, as Yards, &c, and whatever 
elſe we would not have altered by Heat and Cold. 

7. The Method of remedying the Inconvenience 
ariſing from the Extenſion and Contraction of the Me- 
talline Rod of Pendulums, is by applying the Bob with 
a Screw, by which Means the 1 is at any Time 
made longer or ſhorter, as the Bob is ſcrew'd down- 
wards or upwards, and ſo the Time of its Vibration 1 
continually the fame. | 

8. If a Glaſs or Metalline Tube, uniform through- 
out, filled with Quickſilver, and the Length * 56g 

| ncnes, 
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the Arches of the Cirele' defcribed being 
large, the Times of Vibration through 
different Arches could not, in that Caſe, 
be equal; to effect which, the Pendulum 
was contrived to vibrate in the Arch of a 
Cycloid, the Property of which Curve is, 
that a Body will deſcend from any Part thereof 
to the loweſt Point in the ſame Time, and 
ſooner than by any other Way (XXXII.) 
ere ud 34 tall 


S F NAS 4A FER K & 


Inches, were applied to a Clock, it would wibrate- Se- 

conds (for 39, 2 = + of 58,8) and ſuch a Pendulum ad- 

mits of a twofold Expanſion and Contraction, viz. one 

of the Metal and the other of the Mercury, and theſe 

will be at the ſame Time contrary, and therefore will 

correct each other. ; 7 

9. For by what we have ſhewn, the Metal will ex- 

tend in Length with Heat, and ſo the Pendulum will 

vibrate lower on that Account. The Mercury alſo 

will expand with Heat, and ſince by this Expahſion it 

muſt extend the Length of the eden upward, and 

conſequently raiſe the Center of Oſcillation, ſo that by 

this Means its Diſtance from the Point of Suſpenſion 

will be ſhortened, and therefore the Pendulum on this 

Account will vibrate quicker : Wherefore if the. Cir- 

cumſtances of the Tube and Mercury are ſkilfully ad- 

lo WF juſted, the Time of the Clock might by this Means, 

er for a long Courſe of Time, continue the ſame, - without 

any ſenſible Gain or Loſs. 

ce 10. This is the Invention of Mr. Graham in the 

e- Year 1721, who made a Clock of this Sort, and com- 

th pared it with one of the beſt of the eommon Sort for 

ne three Vears together, and found the Errors of the for- 

N- mer but about ; Part of the latter; of which the Reader 

u may (ce a farther Account in Phil. Tranſ. No 392. 
(XXXII) 1. How far the Cycloid is concern'd in the 

h- Pendulum, has been ſhewn ; I ſhall now ſhew that this 

| 18. 
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| Fig: 7. ing from A paſs from H ee D fooner/in an Ach ef 


Massa 


next to be neee A Cw is 


is as Curve - of £ Dil for it A 
city Curve of on pre Poe will a Body defcend- 


Curve than in any other, between H and D; let the 
Point G be taken ſuch, that, drawing HF, G E pa- 
rallel to the Axis A B, may cut o IG=ED. in 
the Perpendicular k G LD. Since the Point D 
is given, LD is conſtant, as alſo I G = D E, because 
the Point H is invariable, and therefore alſo KG is 
conſtant : but the variable Quantities are HI, HG, 
and GE, GD. 

2. Now put K G= h, LDS and 1G ED 
2d; alſo HI v, and G E ==; then will the Velo- 


city of the Body at G be as R KG, and at D a 


= ELD. And ſince the Times are as the Spaces paſs d 
8 over directly, and the Velocities inverſely, the Time 


1 (FIG 
of paſſing thro' H G will be as N= In 


and the Time of. eee G D, as 7 * 


(d + 2 + ws q 
E But the Sum of thoſe Times is the 12 poli; 
: XL + JERE , a Minimum, Conſequen 


viz. of 
ly its F] 4 
* , T fr 1 


v e. | 
- but fince HF =v+ 
2 F a 5 


z = a conſtant Quantity, we have d + £ = 0, and fo 


V 2 
Y +v* ” 62M T 
oa vf. FFP 1% whence 


og 


V==—zZ; * therefore 


In Motion of PRoOJECTILES ws 


$2.0. 


5 SS FFT A 


* 
=* 
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any Body A, thrown or projected ai. 


ri 5/7 oblique, or horizontal Direction; as a 


5 from the Hand, an Arrau from the 


au * : 
4 
= - = 
i I F 
- - : >. 
e . 
. 4 . 
* . 
#7 — 
\ 1 A * 
* 4 
0 Fr , 7 
= * * 


Bow, or a Ball or Bamb from Cannon or 


Piece of Ordnance. The Force with which the 
Body is projected is called the IM pETUs, and : 
the Diſtance to which it is thrown, is called 


the HORIZONTAL een ee, 
TUDE of the Proj 21 


EVERY Prgjectile is ace 1558 * two. : 


Forces or Powers, vis. t een of the. 
' projectile. 


JT + v7 rr et. that is, GD: 
GH: HIXLBI: GEX RU. hr 
4. But G D, H G ate the Floors of the cg 
Al 'GE, 4 Fluxions of -thy iſ A M, A K 35 
md K G, E D are the Ordinates Fey, : Points G and D 


Therefore the Flunians 0 of th Curve of fwift/t Deſeait art" 


every where as the F 
the Square Roots of the Ordi £4: inverſely... 
5. But this is the Property of the elold; for put⸗ 

ting AK , KG = BN =y, — 
Triangles ON C and G E D a are ſimilar by the Nature 
of the Curve; and therefore ON: OC AGE: GD; 


1 Sy * bs 

at b, 2 n n mm,, 
D TD Nee ; 8 : 
—— 7 ob, TH is u given. 


5 * a —y. 75 ; 
Quantity, therefore G D ix.every beef er 4. 


tectly as the Fluxion of the Abſciſs A K, and inverſely 
as the Square Root of the Ordinate RG, and 'confes 


uxions- of the. Abſci 22 . 


BC M4 the! 


quently the Cyclaid is the Curve of file Drone” vp 


See Annetat, XXVII. 3. | 
Vor. I, WES 


e. 7. 


the Angle of Elevation K A M of the Cans 


— 1 : | 4 
* { R 
. 5 1 \ 1 *. 0 4 
kl e : 
- 7 * 
PM 1 
"1, : 


Menak. N 7 
projettile Force, und that of Gravity. By 
the firſt, the Body paſſes over zqual Spurts, 
AB, BC, CD, Cc. in equal Timer; und 
by the ſecond, it deſeends through Spaces 
AG, AH, Al, Ge. which an 
Squares of the Times ; and therefore by 
theſe two Forces compounded, the Body 
will deſcribe, not a Right Line, but a Curve 
A Q; and of that Sert Which we call a Pt 
rabola; and this will be the Cafe in all 
Directions but that in the Perpendicular, 
when the Path of the Projectile will be (to 
Appearance) a Right Line. The greater 


non is, the greater will be the Height DB 
to which the projected Body will rife. Alſo, 
the greater will be the Diſtance or Amplitude 
of the Projection, till the ſaid Angle becomes 


equal to 45 Degrees K AQ; upon which 


Elevation the Random A C wilt be 'the 
greateſt | poſſible, and equal to twice the 
Altitude AG of the perpendicular Pro- 
jection. On any Elevation AM or AM 
equally above or below 45 Degrees, as on 
40 and Fo, 30 and 60, 20 and 70 Degrees, 
the Random A C will be the ſame; which 


| Caſe an Engineer frequently finds of very 


great Uſe. 
Ir the Object be ſituated above the Ho- 
rizon, then, in order to ſtrike it with the 


leaſt Inpetus, let a Piece of Looking-glals 
ODE 7 


* a6 Rog” 


9 


* 
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be fixed to the Cannon perpendicular t6 its 
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Axis; and holding a Plumb-Line over the 8 


Olaſs directly under the Eye, the Cannon 
is to be elevated till the Object appears exatt- 
jy under the Plummet, and there fixed} if 


then it be diſcharged, it vil irike the Obje@t | 


as required. 

Fox what has been ſaid, we may eaſily” 
underſtand how a Body projected upright 
from the Earth's Surface does really de- 
ſcribe a Parabola, though to Appearance it 
aſcends and deſcends in a Right Line: For 
it is urged by two Forces, viz. the Projec- 
tile upwards, and the Force ariſing from 


the Motion of the Earth about its Axis from 


Weft to Eaft; in which Cafe it muſt neceſa 
ſarily deſcribe a Parabola (Rs 
T1 $HALL 


(XXXIIT) 2. In the Pargbola, it is demonſtrated 


that the ſeveral Abſcifee A G, A H, AI, Ce. are as F 


the Squares of the )edinates » M; H N, IO, Ee. 
and ſince this is the Property of the Curye which che 
1 1 it is evident the Projectile deſeribes 
arabo 

2. Let A M repreſent the Force with which a Ball is 
projected from the Cannon in the Direction AM; 
iis may be reſolved into two others AL and L M, of 
which the firſt is perpendicular, and the latter parallel 
to the Horizon. The perpendicular Forge or Velocity 
AL is that by which the Ball riſes; and the Heights to 
Which it will riſe with the Velocities AL aud AM 


are as the Squares of the Velocities, viz. a AL to 
AM; but (becauſe AL : AM AM: : AG) AT: 


AM: AL: AG; therefore ſince A G repreſents the 
K 2 Height 


. V. 
igt 5,0. 


Fig. 7. : 
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| | * 
.  F'SHALL in the laſt Place conſider the 
Nature of CixcuLar MoT10N and (Cay. 


ae % 


>" 4 "RK 


Height to which the Ball vill riſe With the Velociy 
AM, AT, will be the Height to which it will rie wil 


the Velocity A L, or in the Projection on the Elen 


tion A M; thus BDS AL. WT 
3- The Velocity of the Projection L M in the hari 
zontal Direction is every where uniform, or carries the 
Ball through equal Spaces AR, RS,ST, TV, N. 
in equal Times. For by the ſingle 9 * of the 
der, the Ball deſcribes equal Spaces AB, BC, CD, e. 
in equal Times, in the Direction A F, as has hee 
ſhewn; therefore by the Similarity of Triangles AR, 
RS, ST, Sc. will be as AB, BC, CD, Oc. that 
is, the horizontal Spacegpaſſed over in the Prajectian, wil, 
in equal Times, be equal. WED, 
4. Now ſince the perpendicular Velocity is to the 
horizontal Velocity as AL to LM, and AL is the 
Space paſs'd- through by the former in half the Timę of 
the Projection, L M would be the Space paſs'd through 
in the horizontal Direction in the fame Time, if the 
Velocity LM were of the ſame Sort with A L, ws. 
uniformly retarded and accelerated; but ſince L M is 
retarded, but uniform, it will carry the Body chit 
twice the Space LM in the ſame Time ( Aunot. XXVII. 
7.) that is, through AD=LB=2LM. . 
5. And ſince the Time of the Aſcent from A to B 
is equal to the Time of Deſcent, the Ball will pals 
over DC S AD in the Time of the Deſcent from! 
to C; therefore the horizontal Space A C, Which the 
Ball paſſes over during the whole Time of the Projet. 
tion, is equal to 4 Times LM, wherever the Point M 
be taken in the Circumference AO G. * 
6. Hence when A O is the Direction of the Cannon, 
O being the middle Point of the Semicirele) the Line 
O, which is the horizontal Velocity, will be the 


. greateſt poſſible (from the Nature of the Circle) and 


conſequently 4 NO AQ, the greateſt poſſible hart 


zontal Random; which therefore is made on an Angle 


OA 
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. 
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7841 Fox ens. If a Body A be ſuſpended Plate v. 
* e about 


OAK = 45 Degrees, Fer OAK = AON 
O AN, — NO K. therefore ſince A NO 
= 90%, AON OAN OAK SAO 5 
7. Hence AN=FE (= N O-S4AQ))will be 
the Height of the Projection on the Angle OAK = 
45% Whence A Q, will be the Parameter, er Latus 
Rectum, of the Parabola AF M... 'T 
. If MO = OR, then will-L M = TR; and 
conſequently the Horizontal Random on the Elevation 
AM, and AR, will be equal, viz. A C; but the 
Height of the Projection on A R will be A T = S D. 
I hence the Height 8 D is to the Height D BD (as RK to 
MK) as the Tangent of the Angle of Elevation RA K to 
the Tangent of the Angle MAK. _ | | 
9. From what has been demonſtrated it is eaſy to 
underſtand, that an Object ſituated on the Horizon ma 
be hit by a Ball diſcharged on an Elevation of 4.5® with 
a leſs Charge of Powder than on any other Angle of 
Elevation, tn! Footy 
10. The Time of the Projection A B C is equal to | 
the Time of the perpendicular Aſcent and Deſcent . © % 
through A L or D B, (becauſe the horizontal Velocity 
does no Way affect that in the Perpendicular.) But the 
Time of Aſcent and Deſcent in AL is to that in A G, 


TI + ALtoy/AG; that is, (ſince A L: AG 
3 45: AG )a AMtoAG; that is, (becauſe A G 


the AM AM ALS MKK) as MK to AM, or as the 
ot Sine of the Angle of Elevation MAK to the Radius. h 


M 11. Therefore the Times of two different Projec- 
tions A B C, ASC, will be as the Chords A M and 
on, A R, or as the Sines of the Angles of Eleyation to the 
*. Radius AG. eee 
the 12. Suppoſe it required to know from what Height 


* p Body ought to fall to acquire ſuch a Velocity, that, * 
= being reflected in that Moment in the Direction A F, it 

gle ſhould deſcribe the given Paxabola A O Q. In order to 

'K this we are to conſider that (the Equation being x p=y y) - 
* | ; + 4th | the 


* 
& 
— 


Menn ate Py 


about 1 Point . 
een Err ae 


the Veloc of aBall hve fir th Ginn geren 
ede Been Bal hor fin {or A #) in the 


| Point A; but that in the Direftion AF (or of the Or. 
dinate 70 is from firſt to laſt the — 8 y 
there Nat be a certain 8 which the 2 
mg deſcended, acquires a Velocity equal to that in the 
1 A FP, ich is — and this m 
: en . To determine which, putring the et. 
tion x p = y y in Fluxions, we have = 27 but 
fnce in this Caſe we have 4 = 5, therefore 2 


and £. „ 5p; (per Equation i) therefor if 


* 


134 


27 that is, 1 0 . .. 
13. Conſequently, if an heavy Body fall from the 
Height of & of the Parameter of the — Point A, and 
in that Point it be reflected (with the Velocity then 
acquired) in the Direction A F, it will deſcribe the 
given Parabola AO S 
lateVI, 14. If it be required to ſtrike the Point By by 
"ig. 9. Diſtance A D me Height B D are given, wi oh 
& 7 leaſt Impetus of all that will hit it, then in order to 
the Elevation of the Cannon, draw A B, and E A 
dicular to A C; on the Point A Pot er the 
abc, which hiſect in z, then a Line A F drawn through 
that Point will be the Eleyation of the Cannon 2 
required; arid the leaſt Impetus will be equal. ® 


| | — 2. — „See the Demonſtration of this by the 


Br. Dr, Halley, in the Phil. Tranſactiong, and by 
Neill, Introd. Pag. 280, 281. From 2 bare View 
of the Diagram, "the Reafon of the Uſe of the Looking: 
| G{af laſs and Plummet is evident. 

| Eig. 10. 75: If a Ball be projected perpen perpendicularly u wen 
£ irection AF wv 2 Velooly that wil 

| de Height of one Mile, or 5280 Feet; it will * 
| Seconds (nearly) in the Aſcent, and as much in the 
| Deſcent, (for, as 16,2 Feet: ; 5280 Feet 3; 1 hk 
ö | hene 


unh , Aoi. , as a - _ um 00S , , . £&* i 4 


þ * % * nd : , Wy Y 
4 * n % \ * 1 2 | 1 22 » 2 „* 5 2 T 
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Blow in an horizontal Direction, it will 
be thereby, compelFd to deſcribe a Circle 
about the central Pin: While the circular 


Motion continues, the Body will have a 
continual Endeavour to recede or fly off 


fugal Force, and ariſes from the Horizontal 
Infetus ; with this Force it acts upon the 


tency or Immobility, re-aQts with an equal 
Force on the Body by means of the String, 
and ſolicits it towards the Centre of Mo- 


—: . 


whence x = 18”, fer2 the Time of Aſcent or Deſcent.) 
Now in the Parallel of London, the Motion of the 
Earth's Surface, and. of all Bodies upon it, is at the 
Rate of 10,8 Miles per Minute, or 950 Feet per Se- 
cond, from Weſt to Eaſt : Therefore in 36 Seconds, 
the Time of the Aſcent and Deſcent, the Ball will be 
carried over 34214 Feet, or more than ſix Miles, in the 
horizontal Direction Eaſtwards from the Point A to H. 
Now ſince the Ball is carried at the ſame Time with a 
retarded Force upwards, and an uniform Force for- 


cauſe the horizontal Motion in the Spectator and in the 
Project is the ſame, they will be carried through equal 


Spaces AN, OB; AM, PC; AL, FD, Ec. in 
the ſame Time; and conſequently the projected Ball 


in every Point of the Curve; which is the Pccaſion of 
the Deception abovementioned. , 

16. Hence the Objection uſually urged againſt the 
Motion of the Earth, from the apparent Aſcent and 
Deſcent of Projects in a Right Liue, is the Reſult of 
— ; as indeed are all other Arguments of this 

md. 
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from the Centre, which is call'd its Centris 


fix'd Centre Pin, and that; by its Reni- 


wards, it will deſcribe the Parabola A DH. And be- 


will always appear perpendicularly over the Spectator 


7.35 | 


* 


5 and when we ſpeak of either, or both oft Yes 


Plate V. 
F ig: 8, 
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ſtand the Nature of this Kind of Moti 


| tary Syſtem is perform'd, as will be ealy 


for the Projettile Force, the Almighty Powe 


is compriſed in the following Propolitions, 


1 
* 
* 7 2 : P ES? * - 
* z* N % * * 7 


Mien res- 'P 
tions whence it it is tall d the Centripetdl Porees 


{ 

t 
en they are Lall'd che Central Fort | 
of the revolving Body. , ] 
Ix is of the laſt Importance 1 un | 

( 

| 


figce by it all the Machinery of the E 


to underſtand, if, for the revolving Body, 
we ſubſtitute a Planet; for the Centre, we 
phice'the Sun; for the Centripetal Force 
or String, its Power of Attraction; "al 


of God in the firſt Creation of Things. 
THE Theory of this Species of Moti 


vi2,'(1.) The projeQtile Force A H is in- 

finitely greater than the centrifugal Forge 
HE. (2.) The central Force is pro 
tional to the Quantity of Matter in the 
revolving Bedy A, all other Things being 
equal, (3.) If two equal Bodies A, B, 
deſcribe unequal Circles A M, A N, in 
equal Times, the central Forces will be as 
the Diſtances A C, BC, from the Centre 
E749 If equal Bodies deſcribe unequal 
Circles with equal Celerities, the central 
Forces will be inverſely as the Diſtances. 
6. If equal Bodies deſeribe equal Circles, 
the 


M S cHAN 1 
che central Forces will be as the Squares of 
the Celetities, (6.) If equal Bodies de- 


Forces equal, their Periodical Times will 
be as the Square Roots of the Diſtances. 


Times are proportional to the Cubes of the 
Diſtances, when neither the Periodical Times 
nor the Celerities are given. And in that 


of the Diſtances inverſely. 

THESE are the Theorems of circular 
Motions, the two laſt of which are found 
by Aſtronomers to be ſtrictly obſerved by 
every Body of the Planetary and Cometary 
Syſtem. For Example : The- Periodical 
Time of Venus is 225 Days, and that of 


Numbers are 50625 and 133225: Again, 
the Diſtance of Venus from the Sun is to 


of which Numbers are 373248 and 10000003 
but 50625 : 133225 :: 373248 : 1000000 z 
that is, the Squares of the Periodical Times 
are as the Cubes of their Diſtances very 
| nearly, From hence alſo it will eaſily ap- 


ſcribing unequal Circles have their central 


(. If equal Bodies deſcribe unequal 
Circles with equal Celerities, the Periodt> 
cal Times will be as the Diſtances directly. 
8.) Therefore the Squares of the Periodical 


Caſe, (9.) The central Forces are as n | 


the Earth 365; the Squares of which 


that of the Earth as.72 to 100; the Cubes 
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pear, that Bodies under the Equstor bt 
the greateſt centrifugal Force, Whieh here 
acts in direct Oppoſition to Gravity, and 
| diminiſhes towards the Poles, with the 
18 Squares of the Diſtances from the Earth's 
bj Axis. Hence alſo it is evident, that ff ever 
the Earth was in a fluid State, and at the 
Same Time movihg about its Axis, it mui 1. 
cſſarily put an the Figure, not of a pres 


.  #&Sphere or Ghbe, but of an oblate Sperm, 
flatted towards beth Poles ; as ts manife 


| ſhewn by Experiment (XXIV). 
Ui Plate v. (XXXIV) r. Let AD'= 4, the Diameter of the 
1 Fig. 8. Circle AMD; AH the Space which a Body A moves 


through in a conſtant Particle of Time by an uniform 
Projectile Force; HE the Diſtance it is drawn from the 


| Tangent AH by the Centripetal Force (which is oy 
1 N | ſufficient to retain the Body moving in a circular Or h 


= in the ſame Time, | 

i 2. Then fince AH is indefinitely ſmall, the Arch 
AE, and its Chord, will nearly coincide and be equi 
to AH, and will therefore alſo repreſent the OY - 


Force. But AD:AE::AE: AC HE F 


[| = the Central Force, Now AE is infinitely ſmall in 
reſpect of AD, therefore HE or A a is infinitely ſmall 
With reſpe& to AE. | 

3. If the Projectile Force or Velocity AE V, 
and AD = @, the general Expreſſion of the Central 


Force will be =; which therefore in different Circles 


i k will be as the Squares of the Velocities direftl, and in- 
verſely as the Diameters or Semi-diameters of the Circles. 


4. But in the ſame Circle it will be dire&ly. as the 
Sguares of the Velocity; becauſe in that Caſe @ is given. 


But 


* — 
— — — 1 . 4 — 
— — —— — — — — — 


' | | | 
= * * - 25 1 5 
W ee * * * 


5" 


js. 3 


frm the Centre inverſe, (for then © becomes g.) 


Ann the Corel Forces in two Circles be 
equal, the Diameters 0 e Cireles, or Diſfantes from 
the Centre of Force, wnll be as the Squares of the Jae 


cities direftly. 


43,1416 X a 


KF EEISCEEESS 


Expreſſion for the Central Force, we have r 


5. (becauſe 3,1416* is given) for the Central Force 


m tis Caſe ; which therefore i⸗ * as the . 
er Radtus 0 = — directly, aud the en of the 


Periodical 4me 
7. Hence if the 0 — Force be as oh Power (n) 


of the Diſtance [ @ ) from the Center C, we have = 


SNN 


a'; whence P = 7 ; and therefore when , 


we have P = at, or the Periodical Time will be as the 
Square Root of the Diflance. 
8. If n= 1, that is, if the Force be directly as the 


Diſtance ; then will P = 1; that is, the 


Periodical Time will be given, or the ed, in every Circle. 
9. If 18 2, that is, if the orce be directly as 


the e of the "nn, then P = A = 75 
a 


EB AE 


r 


29. 


But I the Velgeity be given, it will be a: the Diftance. 


b. As AE. 12: 31416 4 P = the Periodical Nn 
of deſcribing | the whole Circle (for in equable Motions 
the Spaces are as the Times. Therefore P . 75 


whence V* = r which ſubſtituted i in the 


a3. 


- " I 
39 


as the Diſtance, then P = af = a, oh the p 


"2662 2 


- 


® ®--* 8 . *, tg 


* 


* 


| W 
* 
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Time will be direttly as tht Diſtance from the Centre. 
11. If 2 = —2z, or the Force be inverſely as the 


Square of the Diſtance, then P Al, or (ſquaring both 
Sides) P* = , that is, The Squane of of the P 2 
Time will be as the Cube of the Diſtance pl ju _ 


. un the Central Force is given, 55 _ 1, and 


2 41 „ that is, The Periodical Time will be as the 
Square Root of the Di iftances, © 


13. Since the Central Force is as Tn and as 5. Fee 
have PV = a; whence the Dj i/tance hob the Centre is 
ric in the Cempound Ratio of the Periodical Time and 
elocity. _ - 

14. Hence if the Diſtance he given, or a = 1, then 
the Periodical Time is ny as the Velocity, and the 
Velocity inverſely as the Periodical Time. 

15. If the Velocity be given, or V = 1, the Price 
dical Time will be direttly as the Diſtance from the Centre. 


16, If the Periodical Time be given, the Velag 


will be direct) as the Diſtance likewiſe. 


17. K we put p 3, 1416; then pa: P: : AE= 
AE *P 


ET a9: 


= Time of deſcribing AE. Agzin, as 1: 


AE x P* 1 KE x p- = ths Diſtance 
p*Xa® p 4 


deſcended by an heavy Body (in the Time of deſcribing 
AE) by the Force of Gravity. Laſtly, this Force of 


OTE (== 2 )i to the Central 'Force 


(= 1 — as I to 1 chat is, as 16,2P* to 4h 


or as P* to o, 615 a. 

18. If now we 133 a Body revolving about the 
Centre of the Earth at the Diſtance of its Surſace with 
a Centrifugal Force equal to, that of Gravity; then pi 
= 0, 615 4, and ſo P* g Vo, 615 4; and putting a= 
1 | 42000000 


* 
L | 1 * 


= O 


J F =- 
a 2 f . o 
. » - TY f 
A. 
3 1 * 


L ; 
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42000050 Feet in the Diameter of the Earth, we habe 
P = 5083 Seconds, or 84 43”; which is the Time 
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of Revolution to acquire. a Centrifugal Force equal ts 


that of Gravity at the Earth's Surface. Conſequently 
were the Earth to revolve in 84 43 inſtead of 24 
Hours, the Bodies on its Surface would loſe. all their 


Weight, and be as liable to fall off as to abide thereon. 


19, From what has been demonſtrated we may diſ- 


cover the Law of Gravitation at the Moon; for ſince 


the Diſtance of the Moon from the Earth's Centre is 
to the Diſtance of the Earth's Surface as 60 to 1; and 
ſince the periodical Time at the Earth's Surface is 


5083“ therefore the Periodical ' Time at the Moon 


may be found (by Art. 11.) thus; 12: 60: 5083 $ 
2 ; whence P — 5083 X 60 — 2362000 — 2743 ; 


Days, the Periodical Time of the Moon, if moved by 
a Centripetal Power, as Gravity decreaſing with the 
Squares of the Diſtances inverſely : And therefore ſince 
the Periodical Time, thus found, is equal very nearly to 
the real Periodical Time of the Moon, it ſhews that Law 
takes Place between the Earth and Moon? This might 
alſo be ſhewn, from the Time of the Moon's Revolu- 
tion, but one Proof is enough. I ſhall alſo hereafter 
ſhew, that this is the general Law of the whole Plane- 
tary Syſtem, Spa * 


20. Since we had F. —the Central Force, when 


a is given, the Force will be as 55 that is, in equal 


Circles the Centrifugal Forces will be as the Squares of 
the Velocities inverſely. And therefore ſince in the 
Time of the Earth's Revolution, viz. 24 Hours, there 
are 68400”; if we ſay, as 5083* : 68400* : : 1: 289 
nearly ; that is, the Centrifugal Hike under the Equator, 
ariſmg from the Earth's Rotation, is to the Pawer of Gra- 
vity on its Surface as 1 to 289 nearly. | | 

21. Since the Time of Revolution of a Body under 


4 


the Equator EQ, and in any parallel of Latitude BG, F 


is equal, the Centrifugal Forces are as the Diſtances 
EC, BA, from the . Bs of Motion (by Art. 16.) 
, as Radius CB to the Cœ- me AB of the © gs 

| 22. Dut 


Plate VT, 


ig. 11. 
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- 22. But in any Latitude B, the Centrifugal Force i 
Hot (as under the Equator) te to the whole Om. 
vity, but only a Part thereof, which is to the Whole 
as the Co- ſine of Latitude to the Radius. For copti. 
nue out AB (the Direction of „ 
to D; and CB (in which Gravity acts) to F; — 
let fall a Perpendicular to F, then will BD 
the whole Centrifugal Force, and BF that of it 
which acts directly _ Gravity; but BF: BD:; 
AB: BC S EC. Therefore on both theſe' 
the Centrifugal Force decreaſes from the Equator to- 
wards the Poles N and 8 in the Proportion of the 
Squares of the Co-fines of the Latitude. "LM 
23. We proceed now to demonſtrate the true Hus 
of the Earth, which we ſhall find to be Spherozdical and 
not Spherical, if ever its Parts were in a Fluid or yield- 
ing State, from the Conſequence of a Centrifugal Force, 
In order to this, let NS be the Axis of Rotation, BC a 
Column of fluid Particles gravitating towards the Centre 
C, which (becauſe we ſuppoſe the Parts of the Fluid 
every where quieſcent) will be of the ſame Wei 
with every other Column of Particles C N, or CE, 
Let C E S a, CN=65; CB = x, AB=s Sine of 
the Angle BCN; and ſuppoſing the gravitating Power 
to be every where as the Power u of the Diftance from 
the Centre; that is, ſuppoſe the Power of Gravity E 
g to be to that at B as C Ex to C Be, chen will the Gn 
: —_gxXCB: gx . 

vity at B be = "— — | | 

24. Alſo the Centrifugal Force at E (/) is to that at 
B as CE to AB (as we ſhew'd Art. 16.) But AB: 
CB::s:1 = Radius; whence AB= 5X CB= 
s x; conſequently we have the Centrifugal Force at B 


equal to 
equal to—=, 55 


25. But ſince this Force afts in the Direction BD, 
chat Part which oppoſes Gravity is FB (as was ſhewn 
above) whence ſince BD: FB:: 1:3: r — 
to Centrifugal Force at B, which oppoſes Gravity. 

26. Hence the Power of Gravity on a Particle w_ 
2 | 


„ err ee 


S HS SS S. PR KA „ K 7 


* ' v7 gp M P 
. 8 
Ms EHANIES: 
wil be a6 EN — ha: 


ter C. Such a Particle will be repreſented by &, and 


therefore its Weight will be ESSE —— and 


x this is the Fluxion of the whole Weight of the Co 
. n b 


un 14% 


be the Weight of Ge id Column of Particles © 'B. 
27. If now we conſider the Column of Particles 
CE, which is of equal Weight, fince in this Caſe the 
Angle N CE is a Right ane, we ſhall have x = a, and 
5= 1; Wherefore th& Weight of che Column C E wilt 


be E, therefore the Weight of n 
n + 1a” 20 


Column every where "is equal Ee 22; 
28 
_geXx+1 22 


= —) therefore we have (by bo 


per Reduction) 1 2 4 I K 7 8 rg 


f=2g—nf—f X a*+1 fora general Equation. 
28. Whence, R = 


n and therefore @ : x 3 FÞ* 


22g —nf—fn +" : CE: CN, ſ is the Diameter | 


of the Equator to the Aris 5 the Barth. 
*. Hence, upon the Hypotheſis of an r on- 
» we have n e; in that Caſe 2 f: 1 
c CN. But the Gravity (g) is to hy Centritu- 
gal Force (f) under the Equator, as 289 to 1 (per Art. 
20.) Whcrefore in this Caſe CE: C N * 578 5 577. 
30. If the Earth were to revolve in 84 47”, the 
Centrifugal Force would be equal to Gravity 2 18. } 
or g ; and then CE: CN::2:1. If the Earth 
were to revolve quicker than that, the Particles would. 
fly off, and the Earth be reduced to a ſingle Atom. 
pa. If the _— be ſuppoſed proportional to the 
ance from the Center; then 1 = 1, and we OY 
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744 


have preſumed in the 


"= ser 
1 4 
of ” 


„ 4. 
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* : A * : 
CE: CN: OP > and if in this Hypotheſis 
Earth were to reyolve 0 or g =F, then we; 
C E be infinitely greater than CN; that is, C N would 
be nothing, or the Spheroid would then become a cir. | 
Fe by ppl inverſely n che Bijou 
32. If Gravity be ſuppoſed in y as the Square of 
the Diſtance, we have » = 23 and then we th 
| A 4 


| x 1 | 
have 1 +: 27 ＋ e :: CE:CN:: 


— — 1 5 
281: 252 17: : 2g : 23 :: 579: 578. And 
ſince of all . end i ee this laſt is found to 
be the only true one (ſee Art. 19.) it follows that the 
Earth in its Chaotie. or Fluid State, revolving about its 


Axis, mu n 5 put on 4 Spheroidical Figure, hav- 


ing the Equatorial Diameter E Q, to the Axis NS, as 
79 : 578. - | „ 

l _ And this would be the Caſe, were all the Cir. 
cumſtances of the Hyp is the ſame in Nature as we 
heory ; but ſince they are found 
to be otherwiſe, the Mathematical Theory (which gives 
— the true Sort of Figure, but not the true Figure 
itſelf) muſt be adapted to Nature, and the Figure whi 
the Earth really has inveſtigated from other Principles, 
For Bodies on the Earth's Surface do gravitate in ſuch 
Directions as paſs not thro' the Centre C (as has been 
ſuppoſed) any where but in the Equator ar under the 
Poles, viz. at E and N. © 

4. In order to find the true Proportion between 
EQandNS, Sir Iſaac Newion makes a Suppoſition 
they are as 101 to 100, and then by a Method (too pro- 
lix to be here explained) he finds the Gravity at E and 
N to be as 500 to 501. Now ſuppoſing the Matter of 
the Earth uniform and at Reſt, the Weight of the Co- 
lumn of Particles E C will be to that of the Column 
NC in the Ratio of their Magnitudes 101 to 100, and 
of their ſpecific Gravities 500 to 501 conjointly, (ve 


Annot. LVIII. 10.) that is, as 50g-to 501. | 


35. Now it is plain if the Weight of each Particle in 
the Column C E were divided into 505 equal Parts, 4 
Centrifugal Force, that ſhould take off four of war 

eg 


2E K S8 


A S F . . 7 A FKK 


9 0 


Menak ren 


equal Parts, would leave the Weight af the Cofunn 
EC equal to that of the Column Ne, whence” af 
Equilibrium ruſt enſue between them. 
36. Whetice our Authot makes tfiis Anah 
Centrifugal Force Which is 287 of 2 
Exceſs of 13 Part in the Altitude EQ, a Centrifuę 
Force which is but 24 Part of Gravity can cauſe an 


Exceſs only of 245 Part of EO. + PFherefbre the true 


Proportion between the Diaineter of the Equator E Q 
and the Earth's Axis N 9, is that of 230 to 229: 
Whence, ſinee the r 4 is abbut good Miles, it will 
exceed the latter by about 45 3 Engl Meaſure. 

37. Whence, fince in an Equilibrium of Fluids em- 
municating with each other, the Altitudes are as the ſpe- 
cific Gravities inverſely, it follows that the Gravity at 
the Equator E is to Wat at the Pole N as 229 to'230 ; 
or a Body which under the Poles weighs 230 . Will 
under the Equator weigh but 229  < 

38. The Gravity increaſes from the Equator E to- 
wards the Pole N with the 3 the ines of the 
Latitudes, For continue out C F to G, and draw G 5 
perpendicular to AD; then if JD be the whole Centri- 
fugal Force at the Equator, and BG the whole Dimi- 
nution of Gravity oecaſioned there by it; and fince in 
the Latitude B the Centrifugal Force which acts di- 
rely againſt Gravity is reduced fo F N, the Line FB 
will alſo repreſent the Diminution of Gravity in tlie 
Latitude B, and therefore the Difference GF will be 
the Increaſe of Gravity at B. And fo (becauſe BG: 


GG::GD:GF) we have BG:GF:; (GB: 
GD*::) BC*; AC*; : Radius Square L 
the Sine of the Latitude : : Decreaſe ai the Equator 2 60 


Increaſe at B. 


39. If we put the Diminution of Ger the E- 


quator = T0c00, then will the Gravities at the Equator, 
London, and the Pole, be as the Numbers 22 5 
2296124, 2300000; therefore the Lengths of Pendu- 


lums vibrating Seconds in each of thoſe Places will be 


in the ſame Proportion (by Arnot, XXVIII. 13.) But 


2296124: 2290000 : ; 39,2 : 39,1 Inches of a Se- 


cond Pendulum under the Equator, the ſame nearly as 
found by Obſervation, 


Vor. I, 40. Since 
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40. Since in the elliptic Meridian ENS, the Cur- 
vature at E, Q, is much greater than that at N, 5; 
the Radius of urvature (ſuppoſe Es) in the former 
will be ſhorter than tha he in the lar (pole 80 
and therefore if at the Equator the A Eba, or the 
Arch Ea, be equal to ene Degree, the Angle of one De. 
gree Sdc at the Pole S will l reater Arch ch, 
as is evident from the Diagra ence it appears 


| that in this ſpheroidical Figur igure af the Earth, the De- 


increaſe from the Equator to the Pole; ſo that if 


in the Equator a conſiſts of 60 Miles, in the 
ſeveral — the Miles will be as 1 
= o 10, . 38. 40% 60. 
4. 66. 5975. 39,57. 89,67. 59,8. an i bog, 
Lat, 70˙. 0. * | 
or 60,16. 60,235. 60,26. "1.208 
ina Deg. : oh 5235. 905 1 ; 


S8cnorfun. 

What has been faid hitherto, has been upon. Suppo- 
ſition that the Earth is of an uniform Denſity thro 
out, *. it is reaſonable to ſuppoſe (from the E 
having been originally in a fluid State) that the 5 
vieſt Matter ſubſided firſt, according to the Laws of 
—__ and therefore that the Earth is more denſe and 

the nearer we go to the Centre, whence it 
muſt f follow, that as there is a greater Number of- Par- 
ticles, there will be, on the Whole, a greater Quantity 
of Centrifugal Force in the Column EC, and conſe- 
quently a greater Exceſs in its Altitude above that of 
NC, than was before ſtated ; that is, EC will exceed 
NC more than in the Proportion of 230 to 229, which 


is alſo found to be ſtill more conſonant to Experiments. 
See farther on this Head my New Principles of 8 | 
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LECTURE 1. 


(the CoxTresof MacnuTVDE, terien, 
and Gravity. The METHOD of fading 
the CENTRE of GRAVITY M all Bopits: 
The PHENOMENON ofthe DouBLEe CoNE 
and CYLINDER. Of the Common CERN 
TRE of GRAVITY between tub or more 
BopiEs; conſidered between the EARTH 
and Moox, the SUN and PLANRTS. The 
FUNDAMENTAL PRINCIPLE of MECH a= 
NICs demonſtrated. The Impoſſibility of "a 
PERPETUAL MoTIoON. - The NATURE 
and KI NDS of LEvERs, BaLANCES, 
PULLIEs, the Axis in PERtTROCHYO,, - 
IxcLIN ED PLANE, WEDor, and kde 
Screw. Of FRICTION and FRICTION= 
WHEerts. Of Compound MaAcHtNEes. 
The THRORT of CLock-Worx; 4 
new ORRERY, COMETARIUM, Sc. Of 
the MovEMENT of Wind-MILLs, Wa- 

_TER-MILLS, SHIps, Sc. Of the Ma- 
xIMA and MINIMA in MEcHANICS. The 
THEOR Yof WHEEL-CARRIAGES at large. 


AVING conſidered the Nature of 
every Kind of Motion, with the 
Properties of each, we ſhould 
L 2 |» mage 


a ET BET BS-H 


= 


F"Y 


* 
wo 


L. 


9 


FA 8. LS. FA 


149 


each other. 
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have come immediately to treat of the Me- 
CHANICAL POWERS: or Macninns, but 
that ſomething ſtil remains to be premiſed - 
thereto, relating to the Centres of Magnitude, 
of Motion, and of Gravity in Bodies 

The CenTRE of MAGNITUDE is that | 
Point which is equally diſtant from all the 
external Parts of the Body: And in Bodies 
that are uniform and homogeneal, it . 
ſame with 

TR CENTRE of Moriox, whicht Is 
that Point which remains at Reſt, while all 
the other Parts of the Body move about it: 
And this is again the ſame in uniform Bodies, 
of the ſame Matter throughout, as 

THE CENTRE of GRAVIT v, which is 
that Point about which all the Parts of a 
Body do in any Situation exactly dae 


Tuts Centre of Gravity i in Bodies i8 of 
the greateſt Conſequence to be well under- 
ſtood, as being the ſole Principle of all Me- 
chanical Motions. The particular Properyes 
hereof are as follow. (I.) If a Body be 
ſuſpended by this Point, as the Centre 
of Motion, it will remain at Reſt in any 
Poſition indifferently. (2.) If a Body be 
ſuſpended in any other Point, it can r 
only in two Poſitions, viz. when the fall 
Centre of Gravity is exadly above or be- 
low 


* 


— 
— 
* 
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low the Point af Suſpenſion. (3.) When 


the Centre of Gravity is ſupported, the 
whole Body is kept from falling. (4.) Be- 
cauſe this Point has a conſtant Endeavour 


to deſcend to the Centre of the Earth ; - 


therefore, (5,) When this Point is at Li- 
berty to deſcend, the whole Body muſt al- 
ſo deſcend or fall, either by fliding, roll- 
ing, or tumbling down. (6.) The Centre 
of Gravity in regular, uniform, and homo- 
geneal Bodies, as Squares, Circles, Spheres, 


&c. is the middle Point in a Line connect- 


ing any two oppoſite Points or Angles. 
(7.) In a Triangle it 'is in a Line drawn 
front any Angle biſecting the oppoſite Side, 
one Third of the' Length diſtant from that 
Side or Baſe. (8.) It is alſo one Third of 
the Side diſtant from the Baſe of an hol- 


low Cone. (9.) But in a ſolid Cone it is 


one Fourth of the Side diſtant from the 
Baſe. (10.) In the Human Body, the 
Centre of Gravity is ſituated in that Part 
which is call'd the Pefvzs, or in the Middle 
between the Hips. 

HENCE the Solution of ſeveral very cu- 
rious Phenomena will be evident with the 
leaſt Attention; as why ſome Bodies ſtand 


more firmly on their Baſes than others ; 


why ſome ſtand more firmly in an- inclined 
Poſition; why fome Bodies fall in one 
L 3 manner, 
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Plate VI. 


Fig. 13. 


appears that a Waggon loaded with hea- 
vy Matter, as Iron, Stone, &c. will go 


MzcHANICS. 


manner, fome 1 in another; why ſome may 
ſeem to riſe, while the Centre of 2 
really deſcends, as the rolling Cox E, and 
CYLINDER, Hence the Form of that pars 
ticular Bucket. which deſcends empty with 
the Mouth downwards, but is drawn up full 
with the Mouth upwards. Hence alſo it 


ſafely on the Side of a Hill or riſing 
Ground, where a Load of Hay or Corn 
would be overturn'd. Again, we hence 
ſee the Reaſon why no Man, ſtanding ſtill, 
can move or ſtir, without firſt moving the 


| Centre of Gravity out of its Place; alfo, 
| why we ſtand firmly, while the Centre of 
Gravity f falls between, or on the Baſe Line 


of the Feet ; and how neceſſarily we fall, 
when the Centre of Gravity falls on one 
Side or other of the ſame: With many 
other Particulars, which naturally reſult 
from this Principle (XXXV). 8 


(XXXV) 1. That the N of Magnitude, of My 
tion, and of Gravity is the ſame Point C in regular and 


homogeneous Bodies, 'as the circular Area, or Square 


ABDE, is evident; becauſe any Right Line as AD 
drawn through the ſaid Point and terminated by the 
Peripheries of thoſe Bodies, has an equal Number of 
Particles on each Side ; therefore the ſaid Point is Cen- 
tre of Magnitude and Gravity, and 2 of 
uniform Motion in every ſuch Line, and therefore of 

the whole Area, which 1s made up of them, B | 
2. But 
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Ir two or more Bodies in Motion be con. 
nected together, as Chain-Sbot, &c. or any 


bor 


2. But if a Body be not homogeneous, biit coinfiſts'6f 
different Matter in different Parts, the Centre of Mag- 
nitude C will not be the Centre of Gravity; thus ſup- 


of Lead e f in one Side of it; this Lead will remove the 


Centre of Gravity. from C/to ſome other Point D in the 
Diameter paſſing through the Centers C and g; and this 
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= 


poſe. ABF a circular Piece of Wood with a round Piece 


: 
| 


Centre of Gravity D will of Courſe be alſo the Centre 


of Motion and Reſt, for on no other Point can a Bod 


reſt but that on which it is equilibrated, fince Reſt is | 


only the Reſult of an Equilibrium of the Parts, 


1 If the Centre of Gravity be ſupported, the Body | 
wi 


be ſupported likewiſe; for ſince the Power of every 


Particle to deſcend is there referred, and all unite in one; 


if that one Point be upheld, all the reſt muſt, as having 
a mutual Dependence thereon by a neceſſary Connection 
of Parts. | | ' 


4. If a Body be ſuſpended on an other Point C., 


than the Centre of Gravity D, it will deſcend in ev 


Poſition but two, viz. when the Centre of Gravity is 


in E above, or in D below the Point of Suſpenſion C, 
becauſe in two Caſes it gravitates on a fixed Point, 
which ſuſpends the Body, and therefore upholds it; 
but in all other Caſes it has. Liberty to deſcend, and 


therefore will carry the Body down, till it comes to reſt 


in D. 

5. If the Centre of Gravity C in the Body AB DE 
ravitate on the Baſe A E in the Perpendicular C F, that 
ody will ſtand firm, and ſo much the more ſo, as 

the Point F falls nearer the middle Point between A 
and F; for ſince, were the Body to move, the Point or 
Angle E would be the Centre of Motion, it follows, 
that in that Caſe the Centre of Gravity C. riſe in 
the Arch of a Circle from C to G, which it cannot do 
without ſome extraneous Force; and therefore, when 
left to itſelf, the Body muſt ſtand firm. 

6. But in the Body of the next Figure, becauſe the 
Line CF, in which it 7 falls off from the 


- Bae 


Pl. VII. 
Fig. "Bi 
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Pl. VII. 
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bow depem on each other, they will have 
ae Centre gi Gravity, which will be 2 
Point 


Baſe A E, the Centre of Gravity C will be ede. 


ſcend, as not deing ſupported, and conſequently the 
Body 'muſt fall. 


+7. If a Body ABDE, laid on an inclined Plane XY, 
gravitates in the Direction CI, within the Baſe AE, 
that Body will move down the Plane (by nn. 


XXVII. 1.) but it cannot move over the angular Point 


A (by 5th of this) it muſt therefore deſcend b fidng 
dewn the Plane. If the Baſe AE, had been 2 


that the Point F had fallen off it, it would have turned 


on the Point A in its Motion, and ſo have tumbled 


dawn the Plane. But if the Baſes AE be ſuppoſed inſi- 


nitely ſmall, or a Point, the falling from one Point tg 

another, will be ſo momentaneous, that the Bod 

7 then becomes a Circle or Sphere) will deſcend 
rolling down the Plane. 

's. To find the Centre of Gravity of a Ling has been 
ſhewn ( Annot. XXIX. 2.) To find that of a Superfi- 
Cies, as of a Triangle, Parabola, &c. this is the Mes 
thod. Let AG biſect the Baſe A C of the Triangle 
ABC, it will alſo biſe& every other Line DE drawn 
parallel to the Baſe; conſequently the Centre of Gras 
vity of the Triangle will be found ſomewhere in the 
Line BG. The Area of the Triangle may be conſi- 
dered, as conſiſting of an infinite Number of indefi- 
nitely ſmall Parallelograms DEbaD, each of which is 
to be conſidered as a ſmall Weight, and alſo as the 
Fluxion of the Area of the Triangle, and ſo may be 
expreſſed by 25, (putting BF =», and FE = y;) if 
this fluxionary Weight be multiplied by its Velocity xz 
we ſhall have 2y x x for its Momentum. 

9. Nowput BG =a, and AC=b; then BG (0)! 


Ac): r (ﬆ): bra ; chercary e. 


F Juxion of the Weights 2yx= 4275 3 and the Fl 
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Point in the Line joining the Centres, ſo 


ſituated, that its Diſtance from the ſaia 
Centres 


bx xx 


of the Momenta 2 y x K = 


” 
i 


of the latter, vis. ===, divided by the Fluent of the 
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5 whence the Fluent | 


former, Viz. = will give 2. for the Diſtance of | 


3 
the Point from B in the Line B F, which has a Velo- 
city equal to the mean Velocity of all the Particles in 
the Triangle DBE, and is therefore its Centre of 
Gravity. Conſequently the Centre of Gravity of any Tri- 


angle ABC, ts diſtant from the Vertex B, : B G aright 


Line drawn from the Angle B biſefting the Baſe A C. 

10. And fince the Section of a ſuperficial or hollow 
Cone is a Triangle, and Circles have the ſame Ratio as 
their Diameters, it follows that the Circle whoſe Plane 
paſſes through the Centre of Gravity of the Cone is 7 of the 
Length of the Side diſtant from the Vertex e 1 one. 

11. But in a ſohid Cone, which conſiſts of an infinite 
Number of circular Areas, which therefore may be 
conſidered as ſo many Weights, the Centre of Gravity 
may be found as before, by putting BE =x, BG =a; 
the circular Area DFE=y, and AG C=; and 
from the Nature of the Cone, a: *:: bi y= 
b x* bx* x 


= but + y 7 2 Fluxion of the Weights; and 


1 * AF | 
2 Fluxion of the Momenta, whence 


= 
the Fluent of the latter, viz, S divided by the Fluent 


of the former = will give 4 x of the Centre of 


Gravity of the Part DB E F; conſe ly the Centre o 
| Gravity of the Cone ABCG is 2 * the Ve wy 

B, 4 of the Side B G, in a Circle parallel to the Baſe. 
12. If AB CD be a regular Superficies, and A B E F 
another 


Pl. VII. 
Fig. 5. 


Fig. 6. 
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Fig. 7. 


when hollow or ſuperficial were c and a; but Wen 


Pl. VII. 
Fig. 8. 
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Centres will be reciprocally as the Quantity f 


Matter in each Body. | 
8 | WEENcx, 
another ſimilar thereto, their Difference will be FEC 


and the Centres of Gravity of each will be in the Poe 


H, G, I, as is evident from What has been ſhewn, 
Now from Euclid's Elements) we have FECDt 
AB E F as the Triangle F BD to the Triangle A CF; 


but FB D: ACF: : FD: AF:: GH: HI; ge 


fore if any two regular and ſimilar Superficies or Solids 


together with their Centres of Gravity G, H, are given, 


the Centre of Gravity I of their Difference will be 
given alſo by the above Analogy, This in many Me- 
chanical Affairs will prove of very conſiderable Uſe, - 

13. Thus for Example, ſuppoſe ABCG and BDEF 
were two ſimilar Cones, and their Centres of Gravity 


folid, d and ö; if then we ſuppoſe the Cone DBEF 
cut off from the Cone AB CG, there will remain the 
Difference ADE CG, whoſe Centres of Gravity, 
when hollow and when ſolid, may be found as above; 


which let be in the Circles ei F and g 4 b, at i and i. 


If now the truncated Part were made into a Bucket by 
fixing in a thin Bottom at A C, and ſuſpending it move- 
able in a Handle by Pins fixed between the ſaid Circles 
if and g & b, on each Side, it is evident ſuch a Bucket 
when empty . muſt hang with its Mouth downwards; 
and when full of Water, with the Mouth upwatds; 
thus may ſuch a Bucket be applicable to divers Uſes, as 
being capable of filling, and emptying, and moving 
itſelf in different Forms, as the Bottom is fixed in the 
wide or narrow End. | | 
14. The Centre of Gravity of a Parabola A B C, is 
found as in the Triangle and Cone; thus let BF = x, 
DE=y; then will y + be the Fluxionary Weight, 
and y x & the Fluxion of the Momenta; but from the 


Nature of the Curve we have y = x*, whence 'y & = 
X > | | 


3 | —_— 2 . „ 
* 4, andyx+=x*+ x, whoſe Fluent 3 & diyided 


by &* (the Fluent of x* 4) will give }x = "DES 


—— a mn. Mt. ts. © « OO _ as 


Mz cms res. | 
 WHENCE, fince we Barth and "Niven 
are to each other as about 40 to 1, a 


the 


3 "4.844 Ne im L 
e Diſtance of the Centre of Grayity from the Vertex 
in the Part DB E; and ſo + of B G is the Point in 
the Axis of the whole Parabola 
tex B. 11412663 r 4.4346 
15. The Phænomenon of the double Cone is ealily 
accounted for, from what we have ſaid of the Centre 
of Gravity. For let A B D be the common Baſe, of 
the two Cones, its Centre C will be the Centre af 
Gravity of the Whole; therefore if DF be the Leg of 
a Ruler elevated to an Angle F D G, whoſe:Sine F 6 is 
leſs than the Semidiameter of the Cone C D, it is plain 
the Centre of · Gravity C at the Poſition of the Cone in 
D is more diſtant from the Centre of the Earth than in 
its Poſition between the Legs of the Ruler at F; and 
therefore it will deſcend (as on an inclined Plane C F E) 
from C to F, where it will ſtop, as being ſupported vn 
the Ends of the Ruler. end Bar 
16. Let AB E D repreſent a Section of a Cylinder 
of Wood biaſs'd on one Side with a cylindric Piece of 
Lead as B, this will bring , the Centre of Gravity out 
of the Centre of Magnitude C to ſome Point G be- 
tween C and B; let FH be an inclined Plane, whoſe 
Baſe is FL. It is evident the Cylinder laid upon thg 
Plane will no where reſt but there, where a perpendi- 
cular to the Horizon F L paſſes through the Centre of 
Gray ty G, and that Point of the Plane E in which 
the C linder touches it; and this in all Angles of Incli- 
nation of the Plane leſs than that whoſe Sine is equal 
to C G (the Radius being CD) will be in two Situ- 
ations AB E D andabeg, becauſe when the Cylinder 
moves, the Centre of Gravity deſcribing a Circle round 
the Centre of Magnitude ol this Circle will meet the 
| Perpendicular in two Points & and g, in each of which 
the Centre of Gravity being ſupported the Cylinder 
will reſt, Therefore the Cylinder moves from E to e 
by the Neſcent of the Centre of Gravity from G to g, 
in the Arch of the Cycloid G hg, © 
wes. : : 17. If 
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AB C, from the Ver- 


Fig. 9. 


Fig. 10. 
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the Piſtance of tie Moon 60 Semidigme- 
ters of the Earth, the Diſtance, of the 
109 | | common 


17. If the Cylinder AB E inſiſting on the hori, 
rontal Line E L in the Point E, has the Centre of 
Gravity G in the horizontal Diameter D B, it wil 

ravitate in the Perpendicular Ge; if therefore a Plane 
Fo touch the Cylinder in the Point e, it is plain the 
Cylinder cannot either aſcend or deſcend on ſuch 3 
Plane; becauſe G in any Situation between e and H, 
or e and F, it will gravitate to the Left or Bight from 
the Point in which the Cylinder touches the. Plane, and 
ſo will in either Caſe bring it back to the Point e, 
18. In this Caſe the Angle of the Plane's Inclination 
HF Luis equal to the Angle E Ce or Ce, becauſe 
EL and FH are Tangents to the Cylinder in the 
Points E and e, and conſequently the Angles E Ce 
E Fe two Right iy N EFe + HEFL; theres 
fore ECe=HFL, Hence it follows, that a Cylin- 
der cannot aſcend on a Plane whoſe Inc lination is greater 
than the Angle E Ce, but on a Plane of leſs Inclina- 
tion it may; and there is a certain Inclination of the 
Plane on which the Afcent will be a Maximum, but it 
is not worth while to inſiſt farther on ſo uſeleſs a 
Subject. 

19. If DL ME and FP QO repreſent two W. 
gons loaded, the former with heavy Matter, as Iran, 
Stone, &c. which lics low, and the latter with a light 
Subſtance that riſes high, both on the Side of an Bil 
AB; it is evident the Centre of Gravity of the Load 
LM, acting in the Direction RI, which falls between 
the Wheels D E will keep the Waggon firm on the 
Side of the Hill, (by Art. 5.) But in the other Load 
NPQ O, where the Centre of Gravity K riſes ſo high 
above the Bottom of the Waggon, it muſt act in a 
Direction K H, which falling without the Baſe Line 
F G of the Wheels, muſt neceſſarily cauſe the Wag» 
gon to overturn, * 


20. For the ſame Reaſon a Man muſt fall when the 


Centre of Gravity acts in a Direction falling without 
the Baſe-line of the Feet; and it is by the artful adjuſt- 
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common Centre of Gravity of the Earth 
and Moon will be found about 18 54 Miles 
from the Earth's Surface; and it is this 
common Centre of Gravity that deſcribes 
the Annual Orbit about the Sum, and not 
the Earth itſelf, as is commonly fald and 
nn, 

Ix like manner there is a common Centre 
of Gravity of| the Sun and all the Planets 
which circulate about Him; and were they 
all placed in a Right Line on one Side the 
Sun, then would the common Centre of 
Gravity of the whole Syſtem be diſtant 
from the Sun's Surface eight, Tenths of 
his Semidiameter : And it is about this 
common Centre of Gravity, and not about 


the Sun, that not only all the Planets, but 


even the Sun itſelf; :-do con ſtantiy Move 
(XXXVT). N 
T6 


ing of this Point over the Rope that People can walk 
or fly thereon; and that Tumblers and Equilibriſts per- 
form ſuch Wonders, In fine, it is this ſingle Principle 
that regulates every Kind of Motion, both Animal and 
Mechanical, and to which we are naturally prone to 
have a much ſtricter Regard than we commonly think 
of; as would be evident were we nicely to con- 
ider the Gait, Poſture, and Configuration! of the Body 
under the various Modes of Acting, vis. of Walking, 
Sitting, Riding, Stnoping, Carrying, rug b Drowing,, 
Puſhing, Reaching, Striking, Throwing, &c. 

particular Manner in which Artifts 22 


Wind- Mill, 
Crane, or any ſuch like Machine. 


(XXXVI) r. If two Bodies A and be connected 


together, by a Wire or Chain AB, they will each of 
| them 


and the 


. VII. 
Fig. 13. 
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(:: %: V) :: AC: BC. Becauſe then we have 
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Dur common Centre of Gravity of aty 
Number of Bodies being ſupported, © 


of 


them affect the vther by their gravitating on the Line 
AB; and alſo 22 Particle of that Line will be af 
ſected with thoſe Gravities, or be carried down 

bat with an unequal Force, except one, on which the 
Force df each Body is equal; and fince we ſhewed the 
Force of any Body A or B. ariſes from its Quantity of 
Matter multiplied into its Velocity, it is evi that 
one Particle muſt be ſo ſituated at C, that B:4 


BxXV=AXv=BXAC=AXBC. Or che . 
duct of each Body into its Velocity is the ſame at the 
Point C, but no other.. N 

2. The Point C is therefore called the common Centre 
F Gravity of both the Bodies. If the Diſtance be- 
tween the Centres of the Bodies be given, and the 
Magnitude of each, the Diſtance of the Point C from 
either may be thus found; as B+ A: B:: AC+BC 
(SAB): AC. Let A repreſent the Earth, and B 
the Moon; then will A: B:: 40: 1, nearly; and 
ſince A B = 60 Semidiameters of the Earth; we have 


40 212121706 4240, and ſince a. Semi | 


ter contains about 4000 Miles, we have es? 


I 
= 5854 = AC, from whence taking one Ts 
ter A G = 4000, there will remain G C = 1584 Miles, 
for the Diſtance of the Point C from the Earth's Surface, 


3. Since the Earth and Moon act on each other by 


Attraction, it is evident they muſt both revolve about 
the common Centre of Gravity C; whence this Point 
C, and not the Centre of che Earth A, is that which the 
Moon regards in her periodical Revolutions, and were 
there no other Bodies in the Heavens but the Earth and 
Moon, this common Centre of Gravity C would beat 
reſt, or a fixed Point, 

4. But fince the large Body of the Sun command: 
(by the ſame Power of Attraction) the Earth and * 
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of thoſe Bodies can fall; which is the'Rea- 
ſon of many. very * Appearances 


in 


to revolve about itſelf, it will follow _ the Point & 

is that which muſt deſcribe the Circle (or Orbis Magnus 

about the Sun ; becauſe no . Point between A and! 

B can keep . at the ſame. Diſtance from the Sun, 

on Account of the mutual. Revolutions of thoſe Bodies | 
about that Point at the ſame Time they are en about 72 
the Sun, 

5. But to illuſtrate this Matter further, let g be the pl. vn. 
dun, and CD EF a Part of the annual Orbit; & and) Fi. 
B the Earth and Moon in her Conjunction at G, in kei 8 1 
* at D, in her Oppoſition at E, and i in her 

Quarter at F; during all theſe Motions. from C toi 
F, the Centres of the Earth and Moon will deſeribe 
Curves of the Cycloid Kind, every where concave to tbe: 
Sun; and though this may appear a Paradox, yet it is 
capable of a Geometrical Demonſtration, and may; be! 
alſo ſhewn by Experiment. In the common Aſtrono- 
mical Tables, the Centre of; the Earth is ſuppeſed to 
deſcribe the Orbis Magnus; and the Place and- iſtance 
of the Sun or Earth is computed necordingly; Hug.thoſe, 
will be different from the true ones, which muſt be 
computed from the Circle which the Earth does monthly 
deſcribe about the common Centre of Gravity ; and 
this Nifference is call'd the MENSTRUAL! PARAL= 
LAX, 
6. The Point C is that in which the Ie of 5 
Body A, and B, is exerted; and therefore & e 
of that Point i is the ſame as it would be if che 
Bodies were there united in one; thus if A and B'were 
two Chain-Shots, the Point C in the © ain? and no- 
other, would ſtrike an Obſtacle with the g 5x nes) | 
or that of a Body equal to the Sum of bete 

7. If therefore a Wire gt: DA in. Point ©, 
and at the other End any 1 85 the. * I 3 
common Centre of Gravity 7 1 pls tl 
B, and D, may be f 10 + 2 Fr 
C SATB; . 
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ſpendung a Burker of Water at the — 


Fig. 15. 
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in Nature, as ther: common Experiment 


a Stich 


the Point ſought. And in the ſame Manner the com- 
mon Centre of Gravity in a Syſtem of any Number 
of Bodies may be found. | 
8. Hence the common Centre of Gravity of the Sun 
and Planets may, be eafily found by comparing ther 
Quantities of Matter and Diftances ; thus let ABC 
repreſent the Sun's Body, and S its Centre. Now fince 
the Bulks and Diſtances of the four firſt Planets, Mer. 


cury, Venus, the Earth and Mars, are very iticonfide- 


Fig. 13. 


rable in regatd of the Sun, they would not (if placed 
in the right Line CG) remove the common Centre of 
Gravity between the Sun and themſelves far from the 
Centre of the Sun, ſuppoſe to LE. But when we come to 
Jupiter, his Bulk and Diftance give him a conſiderable 
Momentum, which will (if placed in the fame Line CG) 
remove the Centre of Gravity from L to l, a Point without 
the Surface of the Sun's Body: Laſtly, if we confider Ju- 
turn placed in the Line CG, with all the reft ; though 


his Quantity of Matter falls ſhort of, yet his Diſtance 


far exceeds that of Jupiter, and therefore his Momentum 
will be conſtderable enough to bring the common Centre 
of Gravity from I to K, at ſuch a Diſtance CE from 
the Sun's Surface as is equal to 9 of the Sun's Semi- 
diameter SC; or SC: CK :: 10: 8. Now it is this 
Point K which is the fixed and immoveable Centre of 
the Syſtem, about which the Sun, as well as all the Pla- 
riets, continually move. But the Sun being always 
very near it, and its Diſtance therefrom ing with the 
Gfferent Pofitions of the Planets, the Motion of the 
Sun about this common Centre K will be very irreglar 
arid unequal ; while that of the Planets, on account of 
their great Diſtance, may be eſteem'd nearly uniform 

and circular, 
9. If the two Bodies A and B move to or from eich 
other in the ſame right Line A B, with Velocities pro- 
portional totheir Quantitiesof Matter inverſely, thecom- 
mon Centre of Gravity C will remain at Reſt, becauſ 
their Diſtances from it will by that means be always it 
the ſame Ratio, viz. of their Maſſes inverſely, Which 
| | 1s 
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751 of the Table . 1 the Ty | 
of the Man a ſawing, &æc „ 8 
WE have now premiled every. Thing So 
ceflary for underſtanding the Nature of 
thoſe Inſtruments which Are commonly 
call'd Mx eHANIcALPOWe RSH MACH vrs: 
They are ſix in Number, as, follow, viz. 
The Lever; the Pully, the bee and Au, 
the ¶ Inclinel Plane, the Wedze, and the 
Screw. They are call'd Mechanical Powers, 
becauſe they increaſe our Power of moving 
or raiſing heavy Bodies, which are often 
unmanageable by any natural human 
Strength; not thus aſſiſted; and of two or 
more of theſe all other compound Inſtru- 
ments and Machines are contrived and = 
compoſed. 1 
L A LEVER 18 any inflexible Ling, | | 
Rod, or Beam, moveable about or upon a 9 
fix'd Point, (call'd the Prop or Fulcrum); 
upon one End of which is the Weight to 
be raiſed, 'at the other End- is the Power - - 
applied to raiſe it, as the Hand, &c. Since 
(as we have before. proved) the Momen- 
Vol. I. F 


8 


is the only Thing that nies mat Point the Centre 
Gravity between them. But if both Bodies were to 
move in two different Planes, either in the "ſame or 
different Directions, the Centre of Gravity C would 
deſcribe a Right Line, and with a Velocity of the fame 
dort as that wich which the Bodies themſelves do Move, 


-——_ K mg ———— — ew Co 2 


2 me ur mg ow 79 


b 


162 
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MECHANICS: | 
tum of the Weight, und Power; are ar lle 


Quantities 'of "Matter in each multiplied\v 
their reſpectiue Celeritiesj and the Celeritice 


are ar the Diſtances from the Centre of Ms 


tion, and alſo as the Spaces paſs'd through: 


a perpendicular: Direction in the ſame Nine 


it muſt follow thut there will be un Bib. 
librium between the Weight and Power whin 


they are to each other reciprocally as tbe Dc 
tances from the Centre, or as the Celeritiei 9 


the Motions, or as the perpendicular Aſcent or 


Deſcent in the ſame Time; and this univer- 
fally in all Mechanical Powers whatſoever, 


which is therefore the fundamental PYRO 
of all Mechanics em * 


9 
(XXXVII) 1, The Nature of this Propoſition doing 
not underſtood by Smatterers in Mechanics, gave them 
Occaſion to imagine the Poſſibility of a Perpetual.\Ma- 
tion from one Part of it, which they did not Wige 
_ impoſſible from another Part of it. 
hat Part which ſeem'd to promiſe the Poſbility 
3 was this, viz. That the Momenta ef equal Be. 
dies were as their Diſtances from the Centre of Motion. 
Hence, ſay the Perpetual- Motion-Men, if a Wheel 
were confiruQted of the Form of that in the Fi ur 
AB OD, with circular Cells going from the inner Pat 
EFG H to the outer, containing equal Balls C, D, 
E, F, then upon turning the Wheel, they muſt move 
towards the Centre N on one Part, as the Ball E, and 
from it on the oppoſite Part, as, the Ball C; and by this 
Means the Ball C will have a greater Momentum than 
the Ball F, and fo will determine the Wheel to move 


round; * ſince this muſt be the Caſe of all the Balls 
E and 0 that come into the Situation E, C, the Wheel 


muſt 


„ / WY TX” / e aww wr 6 * —_— wr 


M east 


eum or Prop; let. W-+be) a Weight fu 
pended from the End &, and f che Power 
applied to the other End B. Thenget the 
Lever be moved into thel Situation G, 
'tis evident the Velocities ofrothe Points 
A and B will be as the Arches A Grand 
BD deſcribed ; in the ſamè Time: Alſo the 
e Diſtances, through which the 
M 2 n 10, n Weight 


| N WX A vis SoC 
muſt neceſſarily move continua ally, | becauſe it will con⸗ 
tinually bring two Balls intö that Situation; 

D ; 0 is true, were there but two Balls E and 71 thy 
al would by thi vanc ve the Whee 
one Quarter . wi CE e it detcegaded from C to 

D; and by this Means would raiſe the Ball E to F; 
and there — will abide in the Situation 8 F; but, ſay 
the Gentlemen of this Perſuaſion, two other Balls Tuc- | 
ceeding to the Places E and C, will ſtill keep the Wheel 
moving.—Yes, ſo they would, if the Balls at D and E 
could de taken away the Moment the come into that 
Poſition, not elſe ; for the Balls C an * in order to 
move the Wheel, muſt move the Balls D and F, Which 
have equal Mementa, (as being at the ſame Diſtance eac 
from the Centre, as are the other two teſpectiveſy) | 
which is abſurd by the general Projufition.'' 4 40 

4. The Abſurdity of à Perpetual Motion 950 py 
farther appear, if we conſider, 'that the Momenta 
Bodies are always- proport 16's to the” tpendicu 1 
Deſcent or Aſcent to or 17 the Frogs 15 the 28 
Since, therefore, in the Wheel, A8 8 ies are all 
equal by Suppoſition, and che perpendicular Spaces 
through which they deſcend and He bade, and above 
the Horizontal Line or Diameter AC, are equal; it 
follows, that an Equilibrium” muſt neceſſaril) enſue. 
Thus fo far is this Wheel from producing a Nee 
Motion, that it admits of none at all. 


To illyftrate this, let. AB-be the Loom piate v. 
ſuppoſed without Weight, and F its Fuse Fig: 9. 


Gar Ira VE ———— — - - 
— — * 9 


F — — ——— ens” * 


Weit W aF deer Bhs 


Time, are an 


Radi CF and. F, Which are equal” to 
AF and BF. Therefore in order to' pft. 


=P x BD, ar x CE = - Ex Op 


the Prop is 10 one End, the Weight. at 


MTC HAV 168. 


FE d 


* which are a8 ml 
and theſe are as (the 


(3* fit 


I'LL: 


Arches A of and 


duce an Equilibriun "it, 17 be W * Ac 


WAF FX BF. Conſequently; P; M 
„AC: BB CE DOG AF 5 
Note, that in eftimating the Efetts of M. 
chines, wwe regard only the Diftances of: the 
Power or Weight which are perpendicular. is 
the Lines of Direction in which id Powers 
act, as FB, or FM, which are perp L 
to the Direftions PB and LM. "TY 3 

THE Lever is of "five Kinds. 10, The 
common Sort, where. the Prop is between 
the Weight and the Power, but nearek 
the former. "(2 .) When the Prop is at one 
End, the Power. applied. at the other, and 


the Weight between both. (3). When 


Q. 2 S. S- 


the other, an the Power applied be 
tween both. (a.) The bended Lever 
which differs only. in Form, from-the, fi 
Sort. (F.) When the Prop is placed at an FE 
equal Diſtance. between the Weight and the it 
Power, and this is commonly call d 14.5 
THE BALANCE, whoſe. Uſe is, "with, 5 
Pair of Scales, to bring one Body to an 
equal 


5 
a 
a 
8 
0 
p 


r 


o 
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equal Weight with other, that is a Standy 


ard. The Pr or 


4 alance is without 
Scales, and is uſed for di 1 8 or aſſign- 
ing any Proportiqn | th Weight 5 Bodies. 
The Falſe Balance makes ies 9 unequal. 
Quantities of Matter appear have. equal 
Weight, Laſtly, . the FT „ or r Roman: 
Balance, commonly the Stechard, is 


a moſt uſeful Kind 9 univerſal Balance, 


the Structure and whereof will be 
ealy to underſtand * from it the above Prin- 
ciples. N mah 

f. THE PULLEY” is wy Inſtrument 
well known; if ſin gle, * , it is x reduced to the 
Lever of the ro Sort, or Balance, and 
ſo affords no 0 . an Failing: Weights 
If two or more combined gether in 
the common Vue 75 en "the oe, 4 t 
the Weight as Unity to, Weile 2 of Ropes 
which goes to the Pulte s of the, Luer Box. 
But there are desen U a of applying, 
Pulleys, whoſe Advantage or Power -will be 
obvious from a View of the Structure of 
the ſeveral Sorts of T ackles, ang t the Expe- 
riments with them. 

III. THE WHEEL, 140 "AXLE | (com- 
monly call'd the Axis in Peritrochis is the 
third Mechanical Power. We eafily ſee by 
its Make it is reducible to a Lever of the 


firſt Sort ; and that therefore the Power 7s 
M 3 ra 


2 Dc gx org —— 
IT 2 — owweie Fo re 


„ Pon — Eu x Ig FC 


eaſily reſults from what has been ſaid of the a 


MoHAM 1 es, 

60 be Weight, a Dianrerer of the aa 
tothe Diameter hf the Whol," in an Eg. 

2 in this Machine. 

IV., Tu INCLINED PLANE, i 
the fburth Mechanical Power, and from 3 
due Conſideration öf it, it will ape 
that, for an Equilibrium, the Power 

be bb he „ as the e of the Plane 


to the Length. 


V. THE WEDGE is only a double Is 
dined Plane, intended to ſeparate” the Parth 
of Wood, Sc which ſtrongly cohere to- 
gether; j ' whetite, In the common Form of 
it, The Power wi Be to the Reſiſtance to. be 
Overton, 'as half” the m_—_ of the 1125 
to the Ticks thereof... 

VI. THE SCREW. I is the laſt meren 


Mechanical! e whoſe Uſe is both for 


Preſſire and rat, Wing of. Weights, but chiefly 
the former“ The Pbaer is to the Weght, 
at cbe Velocity: of. the Weight to the Velavity of 


the Power, that is, as the' Diftance between 


FN Threat of the Screw to the Circtnife- 
rence 'of | a dryer de Nie 1 the Pour 
erh. . 9 Denn 

bn s!1701bith A ; 1 w. 


(æXXVII ) 4. Note ithſtan ding the 8 


of the Fundamental Principle of Mechanics, as deliver'd 


in the Lectures, is moſt natural. and perſpicuous, 


a a. at an wan 37 oa. an al 


„„ 


ail as a6 a © ao Tas az 
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We have here conſidered the Action or 
Effect of each of theſe Machines, as they 
AMW: would 


of Bodies and their common Cerſtre of Gravity: Yet 
as Sir Iſaac Newton has demonſtrated the ſame Thing 


in a different and moſt extenfive Manner, which alſo 


is the Conſequence of a different Principle, vix. the 
Compoſition and Reſolution of \ Forces" and Ratiot, it will 
be propet to exhibit and explain that alſo, which is as 
follows. * . Lol + 

2. Suppoſe two Weights A, P, appended = the 
Strings M A, NP, at the Ends of unequal Radii 
OM, ON, iſſuing from the Centre O of any Wheel, 
in a State of Equillhrian ; thoſe Weights will be to 
each other reciprocally as O L to O K, that is, A: P 
:: OL: O K, or as the neareſt Diſtances of their Lines 
of Direction from the Centre reciprocally. 

3. For on the Centre O with the Radius O L de- 
ſcribe an Arch cutting the Thread M A in D, and 
draw O D, which continue out to E, to which draw 
A E perpendicular, and com pleat the Parallelogram 


AE DC. No ſince K L paſſes through the Centre 


O, and is perpendicular to each String in the Points K 
and L by Suppoſition; it matters not whether the Bod 
A and P be ſuſpended from the Points M and N, or K. 
and L, or D and L, ſince the Weight of the Bodies is 
the ſame in either of thoſe Points reſpectively. 

4. Therefore let A D expound the whole Force of 
the Weight of the Body A, and let it be. reſolved into 
the two Forces DE and A E, of which the former 
drawing directly from the Centre avails nothing in 
moving round the Wheel; but the other Part A E or 
CD, acting perpendicularly upon the. End of the Ra- 
dius O D, has the ſame © Bu or produces the ſame 
Effect as if it had acted perpendicularly at the End of 
the equal Radius O L. | 

5. Therefore the Weight of F*will be expreſs'd by 


DC (or AE) becauſe of the Equilibrium; and hence 
the Weight of A is to that of Pas A D to AE; and 


becauſe of the ſimilar * AED and DOK, 
L 4 we 
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Pl. VIII. 
Fig. 2. 
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 Macmainics. 


Waltl Hſweridder the Stritneſs of * 
Nlütftemztief The6ry,” were there no ſich 
v thing 


echt nd s: DO. =L 0K. 7 
: ASP OP-OK, N 9 0 there 


T3114. 2 
„(. Ape Weight 5 le pn. P Ae the 
String N þ/ hora 190 Tithe j . part reſt Ob 
— Canton ; let beUrawn p perpendicular t 
4 Nr TO e * and H G chro- 
petpardituthr toy: G: Then will the Ten. 


fon f 1 Feen N bes to that of the String! p 5 


avs Ft Fe ſu Fx Body WBHoll 

ehren ne we 8 1703 7 W l 0 
— whol# Forced, w — tidy expreſs'd by þ A 
and? Eh aan e, Nraftebie inte cho two Forces E Wen 


| 7 nien che fit preſſes the Plane p G, and the 


Ne Fane f herefbre the Plane — * | 
— bone Porce will ſtretch the String 
but lince p =P, the Farce with which P rene 5 
, Piss 44% H4 therefore the Tenſton of the 


String PNs to thi ot the String p N as 5 H to y N. 


Let the Fotce -of 4 to move the Wheel (as ſup- 
on th& Plane) be called c. Then P: K 297 


9d ty bas 11 lo 9onyl 
en ONE, (by 5th) 


wh 98 18. this F * * 11 HX OLZA 


90 


therefore A; * HDX OL? Nx 
t pes &it i Ss. to 2 obſerved that as the Strin 
is & ALAS 14 the Poſition p N, its neareſt Dif. 
tance Q L will became OR, ſo that the Analogy be- 
10 ao ak carreced, will be A: HN OR: 


95 Fow what is xt is denied it follows, (1. ) That 
ne Oq 34 50815 whoſe Power is always 


—. by the Rat OK: (2.) That the Lines M 


50 — 1 


O A M 0 N, D OL, are alſo Levers of equal Force, 


I becauſe the,neartſtDiſt nee of their Lines of Direction 
_ from che Centre Oris tha ſame in all. (3.) Whenever 


the, l moved the Velocity L. the * 
K an 


* 


9 E nn e! ˙-»Ä̃ Ts wf. ; h.,. · w , . wad. A 
— e. 


hing as Friction on; rupbing, of Rene 


upon each other, by, whigh. means: quei N lind 


Part 


and L. will be proportional wo. the Diſtances, from, 
0 Centre K O and OL. 35 'Thenefoge(the - Velo, 
cities alſo, and l paces, ais through by 
the _— * 6 
Diſtances om the 28 2ns14 bs. io 

9. Since P: A:aK 0 50, ie i bang Im Cowen 
P may be in any . leſs, 75 the Se 4. 
if its Diſtance from the Centie vf M be in 
the ſame Proportion greater. than the 4D Y . 
Weight K O, and yet its Port ar Hauen (hall, 
equal to that of the Weight, Whence. the Nature, 
of a Lever for inereaſing Power, ee appears ns 

10. If the Diſtances from the Centre OK. SOL 
then will the Lever became. a common Balance, ee 
tuen, in order to an Equalibrium,- the two Bodies A and 
P muſt have equal Weight. 

17. If the Arms of the Balance KO, and O. gi Af. 
fer but a very little in Length, there will. be the Jame- 
Difference in che Weights A, and P. Wbenge if 

OL :: 31: 32: : P: A; and therefore. if A is an Acre, 
dupois Pound; P will want; | an,Qunce of it and yet be 


in Equilibrio, Hence the! f-a F, rg G: | 
evident ; and in ordep to dete RK. we n 5 
change the Weights, for 20005 in « ofd fer; 

briam, we muſt have 1 foi 

33 17; but of this e nt ns 55 al Ou ned, 


will render the Fraud ver 
12. The Arms of a 15555 et og Ws 25 
in Weight and Length, and Jivi eqn 
Number of equal Parts, becomes Ne Prapor 4 1. 
lance to be uſed without Scales. (iy 
hanging on the Arms of this 7 5 N quilibrid," 
El 


have the Proportion of their his expreſs d by he, 


Numbers at the ivi ons whence they han ter- 
pately, wir ( a, ang) AO 


13. If AC the weed Arm ble nne e unde 
equal in Weight to 0 E the longer Arm, by the Ad- 
dition of the Ball A, ſo thit the whole Bram AE 


may 


wilt be eee ta the, faid> 


PI, VIIT, 
Fig. 3» 


Z Mz cane 


Pars lot the Effect of the Machine: j is, at a 
ü Mediums deſtroy d, as is evident by an Ex- 
Sch 1. IAI adi 1] 10% % 1 Periment 


Ws fn cely equipoiſed on the Centre of Motion C, 


i 'S be 1 the Roman Statera or STEEL-YARD i 
ca be n For if B be taken as a fixed Point "on 


3 Te oe = 303 by moving teckinh "nd for. 
| FW 


18 


0 C E, comes to a Point D 
of the 1 9 0 7 1. 8 en will F. W::CB: © 
19 7 0 A ecnufe P 6 ven Quantities, or always 
Fr ae W oof a Iways be as CD. Con- 
ae the 5 Om HE be, divided into Parts each 
equal, to C 165 red z the Number at which P 
hangs will Ways ſhew ow many Times P i 18 contained 
in W, thence its eight will be known. 
J ADE be a Pulley, upon which hang the 
Et Weights P, W; then ſince the neareſt Diſtances of the 
Fig. 4. 550 8. AW and BP, from the Centre of Motion C, 
Gand B C, the Pulley will be reduced to' the 
Per or Balance AB with reſpect to its Power; and 
7 from. thence it appears that ſince AC = BC, we ſhall 
s have P W for an Equilibrium; h therefore 
10 L e in raiſing a Weight, &c. can be bad 
n a Gagk Pulley 
In a Combination of two Pullies AB and 
DF G, the Power is doubled; for the Pulley DFEG 
is reducible to the Leyer ED, which muſt be 18 75 
pl. VIII. à8 fixed in the Point E to the immoveable String! H 
Fig. 5 and the Power acting at D is equal to P, and 
&* 5. Weigh tW is ad fon the Centre C of the 5 
aly bf * CE: DE; therefore ſince DE=z 
1 W =2P, or PI W. 

16. The Force, of the PULLIES may alſo be eaſily 
ſhewn by comparing the Velocitics of the Power, and 
Weight; for it is 82 5 if the Weight W be raiſed 
one Inch, each ring HE, BD, will be ſhortened one 
Inch, and conſequently the String AP will be lengthen'd 
twp Inches, and fo P vil paſs _ twice the Space 
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RY. hs does, in, 55 "I Pa whence its ay” 


21113 0 4 \/ ' 


— "= 2 — * 
SI ms > ow — — — 1 
* * - 


Y - — 
—— 
or — —ͤ—„— — 


SPA 7. _—_____—__—_—_—ſ_ 
S 2 - —— - 
— —— — 


” — 
——ů— 


——— N 
— —— 


— of 


* 


3 — ———ßÜ—— 


. >, — — 


Sande. c rr 


a 
— 
Mt 


r wie Rc OO we ve oo &«* i. FE -w ww: 7 5 SiS c* 
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Mxcanfe 
petiment öf the Intlined (Pike. 5 Atd+fars 


ther, concerning Frictiom (wE->bre:itobobs 
ſerve, * it is not proportional to the 


5 Nuantity 
1 e 3 7 i Vs: 
will be twice as great, and thi 15 i de eq quiþot. 
t. 


lent to a Body W of twis 4 77. 


17, In the two 4 550 ies it is &Vi dest 
the Power P is to the om ; Unth or 1 . the . 
ber of of Ropes going 00 (heck u 


Weig A be LS n 0 
le Pullies will 555 ae AY 55 tick 
will go into hs Rope to 15 eye the Pon 1 5 
which therefore mult deſcend th + " Fogy 
in the ſame Time. N Ta For Pul- 
les in the Form of Fig. 6. will Rereate the other five 
Times ; and that of Fig. 7, will incfeaſe it fi 10 
18. In the Diſpoſition of Pullies according 60 Fig 

it is plain, ſince each Pulley has a fed Rope, It 5. 
be conſidered as a Lever of the ſecond Sort, af fo wil 
double the Power of the foregoing ] Pulle „ Wid to. four 
Pullies will increaſe the Power ſixteen ines 15 

For the Force and Conv enieney of a Tackle ok 
Pullics all together, none is equal to that iff che FStth 
of Fig. 9. where the uppern.oft* Pulley. 1 is ed, and 
each has a Rope annexed to the We! gut; 3 Its, Dork 
therefore thus eſtimated,” When ne Weit 
raiſed one Inch, the Rope A B will be lege be W Po 
much, and ſo the Pulley Fe will 1 onẽ 47 ch, 
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Pl. VIII. 
Fig. 6,7. 


8. Fig. 8. 


Fig. 9. 


"by 
which means the Rove C D will 59 1 e 10 | 


Inches, and one by the Riſing of the c ei gut 
wherefore the Pulley E will defcend three! Inc s 

thus the Rope E Pp will be lengthened ſix 1 
that means (viz, three on each Side) alſd the Rifing of 
the Weight will cauſe it to leng then ohe Inch more 
ſo that the Power P goes through ſeven Inches 155. Et M4 
Weight W riſes one; there ws * A, Ant 
f Nu 11:71 5n0 


hus you proceed for an 

| "Ky The WHEEL a ob At is 4 rb "Pda; 
upon the ſame Principle ; or the Weight" w ging 
from the Axis A will be'tb the Power „Which keeps 
it in Eguililrio, inverſely as their Velocities ; ; but the 
Velocities 


Fig. 10. 
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Velocities are as the Circumferences of the Wheel ad 
Axle; which again are as their Diameters or Semidi. 
ameters, that is, as their Diſtances from the Centre of 
K, 


Motion. If the Spokes or Handles F, G, H, I, 
c. be added, the Power of the Machine is {till farther 
augmented in Proportion to their Lengths. | 

21. That the IN LIN ED PLANE is a Mechanical 
Power appears ſufficiently in its diminiſhing the Weight 
of a Body laid upon it in re to the Power which 
Holds it in Eguilibrio. Let A be a Body ſuſtained oy 
the inclined Plane B D; from the Centre C, draw CF 
perpendicular to the Horizon or Baſe DC; and CE 
perpendicular to the Plane, then C F will repreſent the 
whole Weight or -Force of Gravity of the Bod A, 
which is reſolvable into the two Forces C E and E; 
dut the Force C E being perpendicular to the Plane 


acts wholly upon it, and is equally re- acted on or 


ſuſtained by the Plane; the other Force E F, being 
parallel to the Plane, is that by which the Body deſcends, 
or is kept from deſcending by an equal Power acting in 
a contrary Direction. Therefore the whole Weight of 
the Body is to the Power which keeps it in Eguilibris on 
the Plane as CF to FE, or (becauſe the Triangles 
CF E and B P C are ſimilar) as BD to B C, chat is, 
as the Length of the Plane to its Height, as was more 


particularly ſhewn in Aunot. XXVHI. 1, 2. 


Pl. VIII. 


22. The Power of the WEGE A CB H is evident 
from its conſiſting of two equal Inclined Planes A HC 
and BHC; as it is chiefly of uſe to ſeparate the ad- 
hering Parts of Wood ; and ſince the Power of Co- 
heſion in Wood is every where variable and uncertai 
it is evident there can be no regular Calculation of the 
actual Effect of the Wedge; but if we ſuppoſe the 
Power of Cobeſion in the Wood A D E B to be uni- 
form, or to make every where an equal Reſiſtance to 
the —— ABC, dividing its Parts AF and BG, 
then the Power of the Wedge would be to the Reſiſt- 
ance of the Wood, as their Velocities inverſely, that 
is, as the Spaces moved through in the ſame Ti 
that is, as the Height of the Wedge H C to Half its Wi 
AH. But the Wedge being only a double inclined 
Plane, is not really a different Mechanical Power, tho 
uſually reckoned ax ſuch, 
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13. In the ScxE¶N]˖ A B, ſuppoſe the Di ance of the 
Spiral Threads n of an Inch . of the 
Lever FG = 16 Inches, then will the Circles de- 
&ribed by the Hand at F be 16, 5 & 6, = 10g, 9, 
or 104 — that is, 1040 Tenths of an 
Inch z whence the el 
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Pl. VIII. 
Fig. 12. 


ocity of the Power is to that of | 


the Weight, as 1040 to 1; therefore the Screw is a 


t Mechanical Power, either for, raiſing: Weights or 
fredure, even though we allow the greateſt Part for 


Friction; but it is propetly a Compound" Power” conſiſt- 


ing of the Lever. and Inalina Plane; and therefore we 


can find but four fuch ase can properly cb SAUuUrTR 


MECHANICAL POWERS. © __ » OETES do ne 
* 0 * Soc 35 Wan > 
| +.) $0 BOD, wil hh 2h et 
24. Having treated of the Simple Paudulum in the 
preceding Lecture, and of the Nature of the Lever in 
this; I ſhall here let the Reader ſee how nearly theſe 
two Inſtruments are allied, or rather ſhew him that the 
Lever is in reality nothing but a Compound Pendulum; 
from whence many Particulars concerning the Proper- 
ties of each, not hitherto mentioned, will occur worthy 
of Obfervation. nr 
25. Let CD be a ſine Rod or Wire (whoſe. Weight 
is inconſiderable) and moveable about the Point C; If 
A and B be two Bodies, (of the ſame Kind) fixed at 
any Diſtance C a, C5 on the Rod; and then the Rod 
permitted to deſcend freely; the Bodies A and B will 
begin their Motions with Velocities proportional to Ca 
and Ch, and ſo their reſpe&ive Mimentaà will be A, X 


Pl. 1 A 4 
Fig. 1. 


Ca and B X Cb, in the Points @ and b"(by Ainet. 


XXXVIII.) - - nne 
26. Now if A: B:: : ma, then Will AX 4 
=BXbm; and conſequently the Point n will be the 
common Centre of Gravity between the Bodies A and 
B (by Annot. XXXV.) Wherefore ſince the Velocity 
of the Point n is as C m, its Momentum will be ag Cm X 


A+B; and from the Nature of the common Centre 


of Gravity, we have AXCa+BxCh=Cmx - 


— AXCa+Bxchb 1 
TB; fore BxCh _ 
+B ; and therefore A+B =Cm;or 


| 5 


: 

* 
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Dn 
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wo 
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4 
* 

1 

mY 

"7 . 

a 
} 
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_ My cHanici 
by, puttin .&, 4 r 47 23 8 : by and Canals 
N =" Suppoſe the Moment tlie Rod CD 


began to deſcend, the: Bodies A and B were 60 be dt 
engaged ſrom it in ſueh a Manner as to deſcend upunit 

freely); then will they deſcend (not in the Curyis 
and bg, but) in the Tangents @ c and-b d, deſeribing 


the Spaces a c, hd, which will be as the Inceptive Ne. 
locitigsC a,/.C 4;:and:iof-courſe when the Rod come 


into the Situation Cd, the Bodies will be at c and, 
it being in this Caſe Ca: C: :: ld: : CMC 
A he the Line ren by the — 
Centre of Gravity. | 


27. At c and d, let us fappoſe ü the Bodies again Gr | 


to the Rod, t they will then conſtitute a Compound Pex- 
dulum, which will now vibrate forwards and * 
through the Angle 4 Cr, the Body A deſcribing the 

Arch ces, and B the Arch ifr, and the common 
Centre of Grvity a the Arch 121. As this Pendulum 
vibrates, the Velocities of the Bodies will be _every 
where as their Diſtances, and Wert of all in the 
eee Situation C- Where the Velocities of 
the Points e, o, J. may ſtill be repreſented by., 4 


and 6b, 

25 Now this Cimpaund: Pendulum is i ochronous to 
i. e. vibrates in the ſame Time with) ſome ſipple 
endutum of a determinate Length Þ Q. If 9255 
95 Compound Pendulum C d there be taken Cx=PQ 
927 7 7 t x is called the Centre of Oſcillation in thi 
Pendulum; for if the Bodies A and B yen 
ſe I Fi | e Times of 1 would be the {ame 
then as now : "To determine this Point therefore, is $0 
determine the Time of Vibration in any Compound Pa- 

dulum whatſoever. 

29. In order to this; let us once more ſuppoſe the 
Moment the Bodies A and B come to the Points'e andf 
in the Perpendicular, they were diſengaged from the 
Rod, and were to aſcend at the End of a String ſepa- 
rately, with the Velocities they had acquired by their 
Deſcent in the Points e and 7. Then the Altitudes if 
and & b, to which they will aſcend above the Horizon- 
* and F h, will be as | the Squares * Ve- 

2 ocities 


ee 


eee 


+ 4 HUE Dy eee M "muy Th —< TT — T9 4 SS fo. ” 


Mesar 


locities at # and f; chat is, a8 4 4 and 57; Aertz | 


dent from what has been elſewhere ſhewn L Aff. 
XXVI. 2, 3. * 26 ö * M4. Mi AK ＋ A 
30. The Bodies A and B will in thib Cafe artive to 
the Points g and + before theit Motion will be deftray'd.” 
And it is plain that eg'is leſs than c ore , becauſt the! 


Body A is retarded in coming from C tb by the 


Body B. Alſo F þ is greater than Hor fr, becauſe B 
has its Motion quickened by ther Body A. And as! 
when in paſſing from dito ; the perpendicular Spaeta 
deſcended through are as the Velocities ſingly, and the 
Mmenta as the Velocities and Maſſas of Matter cn 
jointly; ſo on the other Side, in paſſing from aud 
to h and g, the perpendicular Spades aſcended through 
areas the Squares of the initial V elocities, the Monibira 
will be as the Maſſes of N 
cular Spaces conjointiy ;; thut is, as A ga\and!B bb; 

31. Now in all Caſes, the Sum of the Momenta di- 
vided by the Sum of the r 
prefling the Velocity, or Aſcent or eſcent of the Oentte 
of Gravity, (See Ain. ab.). Tbereieme nan 
=d = the Aſcent of the Centre of Gravity; for the 
Mementum of this Centre of Gravity is on both Sides 


the Perpendicular CV the ſame at equal Diſtanices,” and © 
therefore it will always afcend*or © eſcend through,the/ 


lame perpendicular Heighty.”, '\ - 0 eren 
32. Having thus obtained the Expreſfion df the Des N 
ſcent of the Centre of Gravity, we bavt that for the. 
Centre x of Oſcillation. of courſe, for We Hare As,G'n > 
Cx: + 4: x:: Aaa + B | . A 4.4 2 B 4 x 15 
4+ . AT-CBB AAG THA ni 


10 (i a+ 


Deſcent of the Centre of Oſcillation, But he Deſrcent 


is equal to the Aſcent; for the Point & ivactuated and 
moved in the ſame Manner as the Bud,, Which ih 
one Oſcillation deſoends and aſcends through qqualeper- 
pendicular Spaces, and thoſe Spaces are awayugs. the: 
Squares of the Velocities in the loweſt Point and there- 
fore for the Point æ, it wil be us CA Where 
£13 Hot,: „& A LINE 


Aa a re, 
we have — T0 = xXx; and therefore 


Aase 


AdFBJd 


" 


© 


— 
N 
pe *, 


wi 
4 
a4 
þ 
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tion, we have 


Mrenanicy: 


A 4 Bb 
r x = © x; the Diſtance of the Cent 


of Oſcillation from the Centre of Motion, | 
hag Af Bb 

33- Becauſe (in 4 26.) we bad Hf = 1, 

Ben we ſubſtitute this Equivalent for d iti the above Equz- 


A bb 
d =#; and therefore A4 


+ B35 = Aax+ Bb x, Hence Aad—Aaxz- 


bb—Bbx; = + B:: -, = thx 
8 BX@d::ed:xc. From whence it 
rs, that the Momenta of the Bodies or their Power 


| 2 move the Pendulum, are inverſely proportional to ther 


Diftance from this ave > which is the true Definition 


of the Centre of Oſoil lation. 


Therefore when A: B:: 5: 4, and fo A @ BU 
then als S== 2 0 Gun cy wed=xrc; or the Centre 
of Oſcillation would biſe the Diſtance between the 
Bodies A and B: 

35. If a = 0, or the Body A be removed to the 
Centre C, then A e, and Aa So; whence 22 


ASS =b, that is, the Inſtrument then becomes 


fimple Pendulum C d. 

36. If the Bodies A and B are not placed both on 
one Rod, but on two Rods C c and C d, making an 
Angle c C d, being united in the Angle C. Then theſe 
Rods ſuſpended on the Angle C will be the ſame'Can- 
pound Pendulum as before, and the Centres of Gravity 
and Oſcillation # and x, when the Bodies are at reſt, 
will be bath in the Perpendicular C x, as in the other 
Caſe, and expreſs'd by the ſame Equations, viz; CI; 


Aa+Bb 1 Aaa+Bb6 T 
d — wy C/ S 2 N An 
will oſcillate in the fame Time with the ſimple Pendu- 
lum PQ, when Cx PQ. 

7. If the Body A be ſuppoſed removed on the other 
Side the Line E D, its Diſtance C r = a, is now ne- 
* or it will be — à in the De ra - 


— B - __ Aaa 


A a. 8 


* 


du- 


MAC ỹννꝗ, Wis. 


decauſe — aX — 4 = aa. Hence _ | T 
A 


tery obvious that the me ona. w 
4 a Lever, whoſe 28 wy — 2 1 
"Bo | 4 


may be confider'd as a Wei 
Power B. And hence becauſe when, BA is greater than 
Aa, d will remain adde Ach MAGE Centre 
of Gravity will be in,the Part Gd, and ſo will cauſe 
to preponderate. r | 
38. On the contrary, if As be greater than B ö, then 
will 4 be negative, or the Centte of Gravity » will be 
in the Arm Cr, and cauſe the Weight /A to deſcend. 
But when A 4 = Bb, then AA B& =", ard 
, © k © .. n f * . 7 
TBE" that is, 29 mme ruin k Jl 
fall upon the Point C, and produce an Equilibrium ; 
and A: B:: 6: 4:: Cd: Cr. As was before ſhewn to 
be the Property of the Leyer. (See Annot, XX XVIII). 
39. Thus alſo, with reſpect to the Centre of, Oſcil- 
Aaa+ B 5 B r — A » $28 $ | 


e * yu | | an 
lations 2 = — Aa + By? 1 * wes 
6 14 + 355 


Equilibrium where A a = BB, wehaves 2 | 
> + .£-#6.4. #812...) 197) 


= Infinite; for ſince the Lever in this Caſe has. no 
Motion, it can only be iſochronous'to afimplePengu- 
lum of an infinite Lo whoſe Times of Vibration 
are infinitely great, and its. Motions, of Courſe, not 
ſenſible, „ 1% % ͤ g 

40. It is farther evident, that the Centres of Oſcil- 
lation and Gravity are both on the ſame Side of thy 
Centre of Motion C; and that when B. js greater 
than A a, the Centre of, Oſcillation, will be ſomewhere 
on the Side of B in the Line Cd continued out; if Bb 
exceeds An but a little, it will be at a great Diftance, 
i at 9; if the Exceſs be greater, it will be neager, as 
at p. If it be very great, the Centres will be very 
near, as at ; and when Bb is infinite with reſpect to 
- 6 _ the ſa'd Centre will be in the Centre of the 

ody 4 „. a® = 

41. Let the Lever c Cd be n Eguilibrio with the 
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Weights A and B; and let it be, required to raiſe 357 Fig. 5. 


Weight A from c to n, by the Power B; then if B 
Vor. I. N be 


——Ü—U— ——— ͤ üw———— — — 


be ever ſo little greater than Ag it will deſcend, till the 


Lever comes to the Situation n, as required, The 
whole Action of the Machine conſiſts in raifing the 
given We ght A to a given Height H, in a given Time; 
and this Effect of the Machine will (ceteris paris; 
be greater as the Time is leſs. But the Time is the 
Time of half the Vibration of the Lever; and the 


Times of Vibrations are leſs 2s the Intenſity of the 


Power B is increaſed, while its Diſtance continues the 
ſame, becauſe the Diſtance of the Centre of Oſcillation 
is diminiſhed. 

42. Now putting A = Body to be raiſed, H = 
Height, and T — Time, then > E = the Effed, 
or Intenſity of the Power B; whence AH ET 
whole Action of the Machine; and therefore when 
E T is leaſt of all, the Machine will be in its 
Perfection; becauſe as E increaſes, T will decreaſe, 
and though it be not in the ſame Proportion, yet it will 
cauſe that ET will become a Minimum at a certain 
Limit; as will be evident by the following Example, 

43. Suppoſe A = 100 /b, and B = 10 b.; and if 

c: Cd: : 10: 100; then there will be an Fquil- 
brium, in which Caſe T will be infinite, and therefore 
alſo TE, and conſequently cannot be expreſs'd in 
Numbers, | 


> | Aga+Bbb _ too+1100 _ 
44. If B=1116. _— 7 
1200 


—— = 120 = x, the Diſtance of the Centre of Of. 


cillation, the Square Root of which 10,95 will be pro- 
portional to the Time (T) of Vibration, (fee Anna! 
XXIX.) This multiplied by E = 11, the Intenſity of 
the Power, gives 120,45 for the Expreſſion of the 
Action of the Lever in this particular Caſe. 

45. If B = 15 1b. then, as before, we ſhall find 
x = 32, whoſe Square Root 5,66 X 15 (= TX E) 
= 84,9 the Lever, which is now leſs than before, 
Again, ſuppoſe B or E = 20 b. then we ſhall have 
x = 21, and its Square Root 4,6; then-4,6 X 20 = 
T XE = 92, which is again greater than the * 
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the incumbent Part; as we ſhall allo ſheww 


by Experiment (XXXIX). | 
| As 


the limit then is between ti b. and 40 1b. and is very 


near 15 l. as will appear by the following Table; 
where the Numbers in the ſecond Colymn expreſs the 
whole Action of the Lever in Parts, of which the leaſt 
contains 100000, all which correſponds to the Intenſities 
of the Power increafed from 10 to 20 lb. 


Powers. Action. Powers, Actions. 


10 — Infinite, | 15, 16 — 1000 
11 — 142360 16 — 100368 
12 — 11403617 — 1o1bir 
13 — 104677 18 — 103397 
14 — 101053 19 — 105575 
15 — 100016 29 — 103330 


46. This Conſideration of the Power is but of little 
Uſe in the Lever; but as that is the moſt ſimple Mas 
chine, it was beſt adapted to explain and exemplify this 
Doctrine. In the Axis. in Peritrachio, and Pulley, it is 
of greater Uſe, and ſhould not be neglected; but as it 
is there a Buſineſs of great Difficulty and Labour, I 
ſhall refer the Reader to S'Graveſande's third Edition of 


his Principia, where he may ſee the Computations at 


large ; the Reſult of which in general is, That the Power 
which ſuſtains the Weight in Equilibrio ſhould be increaſed 
by one half in the Pulley and Axis in Peritrochio, thaf 
the Action of thoſe Machines may be a Minimum. 

(ON ) The Doctrine of FRICTION is contain'd 
under the following Particulars, viz. a] 

1. When one Body inſiſts on another upon an hori- 
zontal Plane, it vrefies it with all its Weight, which 
being equally re- acted on ou therefore the whole Effect 
of its Gravity deſtroy'd) by the Plane, it will be abſo- 
_— free to move in any lateral or horizontal Direc- 
tion by any the leaſt Power applied thereto, provided 
both the touching Surfaces be perfeRly ſmooth or even. 

N 2 | 2. But 


I79 


180 


- Which it is drawn; and this Motion of the Bedy, as 


Me cranics.. 
As to Compound Engines and Machines 
they are as numerous, as they are vari 
| RE in 


2. But ſince we find no ſuch Thing as perfect Politure 
or Evenneſs in the Surfaces of Bodies (at leaſt ſuch as ate 
produced by Art) but an evident Roughneſs or Uneven- 
neſs of the Parts in the Surface, ariſing from the Poro- 
ſity and peculiar Texture of the Body, it is eaſy to un- 
derſtand that when two ſuch Surfaces come together the 
prominent Parts of the one will in ſome Meaſure fall 
into the concave Parts of the other, and therefore, when 
an horizontal Motion is attempted in one, the fix'd 
prominent Parts of the other will give more or leſs Re. 
ſiſtance to the moving Surface by holding and detaining 
its Parts, which is what we call Friction. 

3. Now fince any Body will require a Force pro- 
portional to its Weight to draw it over a given Obſtacle, 
it follows that the F riction ariſing to the moving Body 
will always be in proportion to its Weight 4 and 
not the Quantity of the Surface, by which it bears up- 
on the reſiſting Plane or Surface. Thus if a Piece of 
Wood four Inches wide, and one Inch thick be ground, 
and thereby made exactly fit to the Surface of another 
fix'd Piece of the fame Wood, it will require the fame 
Weight to draw it along on the ſame, whether it be lad 
on its broad or narrow Side. 

4. For though on the broad Side there be four Times 
the Number of touching Particles (ceteris paribus) 
each Particle is preſs'd with but à of the Weight that 


- thoſe are on the narrow Side; and fince four Times the 


Number multiplied by ; of the Weight, is equal to 3 of 
the Number multiplied by four Times the Weight, tis 
plain the Effect, that is, the Reſiſtance, is equal in 
both Caſes, and ſo requires the ſame Force to over- 
come it. . | 

5. The Reaſon why the Friction is proportional to 
the Weight of the moving Body, is, becauſe the Power 
applied to moye the Body muſt raiſe it in ſome Meaſure 
upon and over the prominent Parts of the Surface on 
It 
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 MEcuanics, 


ia their Structure; concerning all which 
we may obſerve in general, that they con- 
fit 


is not upright, ſo it will not require a Power equal to 
its whole Weight; but being in the Nature of the Mo- 
tion on an Inclined Plane, (ſince the Body bears on the 
prominent Parts all the while) the Power which moves 
it will be proportional to but a Part of its Weight only; 
and this will vary with the various Degrees of Smooth- 
neſs or Aſperity between the rubbing Surfaces, and the 
other concurring Circumſtances, | : 


6. I find by Experiment, that a Bod ABCDTo 7 


Wood, Braſs, c.) laid on the Surface EF GH, will 
be drawn along by a Weight P, nearly equal to one 
third of its.own Weight; if the Surfaces; be hard and 
well poliſh'd, it will be leſs than a third Part; but if 
the Parts be ſoft or rugged, it will be much greater. 
Thus alſo the Cylinder of Wood AB, if very {mooth, 
and Jaid on two well-poliſh'd Supporters C,'D, (having 
been firſt oil'd or greas d) and then charged with the 
Weight of two Pounds in the two equal Balls G, H, it 
will require an additional Weight x (equal to about a 
third Part .of the two Pounds) to give Motion to, or 
overcame the Friction of the ſaid Cylinder. 

7. Now this additional Weight, as it cauſes a greater 
Preſſure of the Cylinder, will likewiſe encreaſe ' the 
Friction, and therefore require the Addition of another 
Weight y, equal to the third Part of its own ; for the 
lame Reaſon the Weight y will require another z, a 
third Part leſs ; and fo on ad infinitum. Hence upon 
Suppoſition that the Friction is preciſely equal to a third 
of the IVeight, the firſt Weight with all the additional 
ones, diz. 2, 3, f, , Cc. Will be a Series of Num- 
bers in Geometrical Progreſſion decreaſing. Now the 
dum of all thoſe Terms, except the firſt (i. e. the Sum 
of all the infinite Number of additional Weights x + y 
+ 2, Sc.) is found (by a well known Theorem in 
Arithmetic) to be equal to one Pound. So that if the 
Weight of the Cylinder be inconſiderable, the Way to 

| N 3 | over⸗ 


bl. . 
Fig. 1. 


N 
Fig. 2. 


, wy Mzenanics. 
| fiſt of | one, two, or more of the Simple 
Powers combined together; that in moſt 

+ c | of 

overcome the Friction would be to double the Power G, 


HRS. 7 | 

8. But though we may at a Medium allow about 1 
third Part of the, Weight with which any fimple Ma. 
chine is charged from the Friction ariſing from thenee, 

| yet this is "or, precarious and ſeldom the Caſe ; for if 
Pl. Xx. ABC be a Piece of Brafs of ſix Ounces, and EFGH 
Fig, 1. be alſo a Plate of Braſs, and both the Surfaces well 
ground and poliſh'd, the Weight P of neat two Ounces 
will be requir'd to draw along the Body AC alone; 
but if AC be loaded with 6, 8, or 1016. then a fixth 
Part of the Weight will be ſafficient to draw it along 
the Plane, If the Plane be covered with a linen of 
woollen Cloth, then à third, or half Part, and ſome. 
_ more, will be requiſite to draw it along on the 
Flane, - 

9. Yet notwithſtanding the Difficulty and Uncer. 
tainty attending the Eſtimation of the Quantity of 
Friction, tis ſtill a moſt uſeful and neceſſary Enquiry 
how, and by what Means the Friction of any Machine 
may be abated or diminiſhed. - In order to chis we muſt 

; conſider it mechanically, that is, we muſt confider Frie- 
1 tion as a Force acting againſt a Power applied to overcome 
1 F; it, Thus ſuppoſe AB an upright Stem or Shaft turn- 
$ 8 3 ing freely in the Socket B fix'd in the Table or Plane 
El IKLM; and AC, DE two Arms fix'd in the fail 
4 Shaft, the latter of which DE has three Pins goin 
y | into a Socket in the Middle of a heavy Weight at F, 
4 G, or H, in ſuch a Manner, that when a Bosa ap- 
IF at C moves the Bever AC, it cauſes the Lever 
1 E to protrude or thruſt along the Weight at F, G. 
4 or H, in a circular Manner upon the Table. | 
1 10. Now ſince we ſuppoſe the Weight all the whik 
| it is in Motion is freely and wholly ſupported by the 
i Plane, it follows that all the Refiftance it can give to 
the Power applied at C, is only what ariſes from its 
Friction on the Plane. What this Friction is, will be 
3 found 
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of them the Axis in Peritrochio, the Lever, 
and the Screw, are the conſtituent Parts ; 
that 


found by applying the Weight at G, ſo that BG be 
equal to AC; for then the Power applied to C, acting 
in a Tangent to the Circle CRS, that ſhall juſt move 
the Weight G, will be equal to its Friction by Annot. 
XXXVIII. 10.) But if the Weight be applied at F, 
becauſe BF is greater than AC, the ſame Power at C, 
as before, will not.move it, becauſe here its Force is 
increaſed by having a greater 2 than the Power; 
as on the other Hand, if placed at H, a leſs Power at 
C ſhall move it, becauſe of its having there leſs Velo- 
city than the Power. All which is plain from the 
Properties of the Lever, demonſtrated in Annotat. 
XXXVIII. | 
11. Hence we underſtand, that though the Weight 
of a Machine remains the ſame, yet the Friction may 
be diminiſhed by contriving that the Parts on which 
it moves and rubs ſhall have leſs Velocity than the 
Power which moves it. Thus if the Cylinder AB 
were to move on the two ſmall Pins or Gudgeons E, F, 
the Friction would be abated m the ſame Proportion as 


the Diameter of thoſe Gudgeons is leſo than the Dia- 


meter of the Cylinder. 4 
12. The Friction on theſe Gudgeons is ſtill farther 


diminiſh'd by cauſing them to move on the Circumfe- 


rence of a Wheel; thus let F be the Gudgeon of the 
Cylinder revolving on the Wheel CDE ; Velocit 
of the Wheel's ä — will be the ſame wit 
that of the Gudgeon; but the Velocity of the Wheel's 
Axis AB (which is now to be conſider d as the rubbing 
Part) is leſs than that of the Wheel in Proportion as 
its Diameter is leſs than that of the Wheel. For Ex- 
ample, if the Friction of the Cylinder moving on its 
Surface be 4 Part of the Weight, and the Gudgeons be 
to the Cylinder as x to 10, they will reduce the Fric- 
tion to d Part; and if again the Axis of the Wheel be 
to the Wheel as 1 to 10, the Wheel will reduce it to 355 
Part; and if the Axis of this Wheel be laid on the 
| N 4 Perimeter 
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MzcnaAanics. 
| ſiſt of | one, two, or more of the Simple 
Powers combined together; chat in moſt 
\ G | of 
overcome the Friction would be to double the Power G, 


or H at once, , 15 | 
8. But though we may at a Medium allow about 1 
third Part of the Weight with which any fimple Ma. 
chine is charged from * Friction ariſing from thenee, 
yet this is very precarious and ſeldom the Caſe; for if 
ABC be a Piece of Brafs of ſix Ounces, and EFGH 
be alſo. a Plate of Braſs, and both the Surfaces well 
ground and poliſh'd, the Weight P of neat two Ounces 
will be requir'd to draw along the Body AC alone; 
but-if AC be loaded with 6, 3, or 1016, then a fixth 
Part of the Weight will be ſafficient to draw it along 
the Plane, If the Plane be covered with a linen of 
woollen Cloth, then à third, or half Part, and ſome. 
en more, will be requiſite to draw it along on the 
Plane, a ä 
9. Yet notwithſtanding the Difficulty and Uncer. 
tainty attending the Eſtimation of the Quantity of 
Frickion, *tis ftill a moſt uſeful and neceſſary Enquiry 
how, and by what Means the Friction of ahy Machine 
may be abated or diminiſhed. + In order to this we muſt 
conſider it mechanically, that is, we muſt confider Frie- 
tion as a Force acting againſt a Power applied to overcome 
it. Thus ſuppoſe AB an upright Stem or Shaft turn- 
ing freely in the Socket B fix'd in the Table or Plane 
IKLM; and AC, DE two Arms fix'd in the {aid 
Shaft, the latter of which DE has three Pins going 
into a Socket in the Middle of a heavy Weight at F, 
G, or H, in ſuch a Manner, that when a Power ap- 
lied at C moves the Lever AC, it cauſes the Lever 
E to protrude or thruſt along the Weight at F, G, 
or H, in a circular Manner upon the Table. | 
10. Now ſince we ſuppoſe the Weight all the while 
it is in Motion is freely and wholly Norte by the 
Plane, it follows that all the Refiftance it can give to 
the Power applied at C, is only what ariſes from its 
Friction on the Plane. What this Friction is, will be 
3 found 
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of them the Axis in Peritrochio, the Lever, 
and the Screw, are the conſtituent Parts; 
DE that 


found by applying the Weight at G, ſo that BG be 
equal to AC; for then the Power applied to C, acting 


ina Tangent to the Circle CRS, that ſhall jul move: 


the Weight G, will be equal to its Friction (by Arnot. 
XXXVIII. 10.) But if the Weight be applied at F, 
becauſe BF is greater than AC, the ſame Power at C, 
as before, will not move it, becauſe here its Force is 
increaſed by having a greater Velocity than the Power ; 
as on the other Hand, if placed at H, a leſs Power at 
C ſhall move it, becauſe of its having there leſs Velo- 
city than the Power. All which is plain from the 
Properties of the Lever, demonſtrated in Annotat. 
XXXVIII. | 

11. Hence we underſtand, that though the Weight 
of a Machine remains the ſame, yet the Friction may 
be diminiſhed by contriving that the Parts on which 
it moves and rubs ſhall have leſs Velocity than the 
Power which moves it. Thus if the Cylinder AB 
were to move on the two ſmall Pins or Gudgeons E, F, 
the Friction would be abated m the ſame Proportion as 
the Diameter of thoſe Gudgeons is leſs than the Dia- 
meter of the Cylinder. 
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12. The Friction on theſe Gudgeons is ſtill farther | 


diminiſh'd by cauſing them to move on the Circumfe- 
rence of a Wheel; thus let F be the Gudgeon of the 
Cylinder revolving on the Wheel CDE ; the Velocit 

of the Wheel's ä will be the ſame wit 

that of the Gudgeon; but the Velocity of the Wheel's 
Axis AB (which is now to be conſider d as the rubbing 
Part) is leſs than that of the Wheel in Proportion as 
its Diameter is leſs than that of the Wheel, For Ex- 
ample, if the Friction of the Cylinder moving on its 
Surface be 4 Part of the Weight, and the Gudgeons be 


Pl. X. 
Fig. 4. 


to the Cylinder as x to 10, they will reduce the Fric- 


tion to 0 Part; and if again the Axis of the Wheel be 
to the Wheel as 1 to 10, the Wheel will reduce it to 355 
Part; and if the Axis of this Wheel be laid on the 
N 4 Perimeter 
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that in all, à certain Power is applied to 
produce an Effect of much greater Mo- 


ment; and that, in the laſt Place, it is 


dunn, that the greateſt Effect or Perfec- 


tion of the Machine is then, when it is 
ſet to work with Naur Nafbg of that Charge 


Which 


Fr wit 1 


Na of ance Wheel, the Friction will be re- 


duced to a ſtill leſſer Part of the Weight, and fo yoy 


may proceed to 'dirhiniſh the Friction ad infinitum, 
Hence Wheels app icd in this Manner are called Fric- 


TION-WRAHEELS. 


13. Beſides h eb have now premifed, ſomewhat 
farther?is' re to be underſtood to diminiſh Friction 
by Npecl-U reibt. It was before obſerv'd that Fric- 
tion aroſe chiefly t f lifting the Body over the prominent 
Parts of the Plane on which it moved; now if we can 
contrive ta move the Bod along without lifting or 
ſuſtaining its Weight, we fhall move it without much 
Friction, and this may be done by laying the Body on 
any 'moveable circular Subject, as Ro ers, W Fanny &c, 


Thus let AB be the Section of an heav 7 Body laid on 


a Roller E F, üpoôn the Plane CD, and drawn by the 
Power P ;'*tis eyident when AB moves, the Aſperity 
of its Surface will lay hold on that of the Roller, and 
move it like wiſe; anch *tis as plain, that when the Body 
AB is drawn againſt the prominent Parts of the Roller, 
they immediately give way, and make no Reſiſtance; 
thus the perpendicular Diameter ab yields into the Situ- 
ation ef, and cd ſucceeds in its Place. By this circular 
Motion of the Roller, its prominent Parts below do 
only deſcend, and move upon, or over, and are not 
drawn againſt the fix'd prominent Parts of the Plane, 
and ſo receive no Reſiſtance, from them; hence the 


the 


—_— AB is convey'd along without being lifced up, in 


anner as a Wheel is moved by a inion, with- 


out any conſiderable Reſiſtance. And this is the true 


Foundation -of the Theory . Wheels, or Doctrine of 
Wheel-Carri ages. 
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which is equivalent to the Power, or will 
but juſt keep the Machine 1 Ezuilibrio 
5 THE 


(XL) 1, To demonſtrate this Propoſition, I ſhall 
chuſe a Water-Wheel A D E F, driven round by a Cur- 
rent of Water G A, ſtriking the lower Float-Boards A 
in a perpendicular Direction, in the Manner of an un- 
derſhot Mill. Now if the Wheel be not loaded or 


charged with any Weight, but moves freely on the 
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Plate X. 
Fig. 6. 


Gudgeons of its Axis C, then the Water, coming on 


the Floats, will put the Wheel in Motion, and acting 
upon it — will ſpon accelerate its Motion ſo 
far, as to give it a Velocity equal to its own, 

2. But if the Axle of the Wheel C be charged with 
a Weight P, which it is obliged to raiſe, this will give 
Reſiſtance to the Wheel, and diminiſh its Velocity, or 
cauſe it to move ſlower than the Water; as the Weight 
P is increaſed, the Motion of the Wheel will be pro- 
portionably retarded ; till the Weight P, coming to 
have an equal Momentum with the Water, the Wheel 
will loſe all its Motion, or be reduced to a State of 
Equilibrium. | 

3. Now let F = Force of the Water, V = its Ve- 
locity, v = Velocity of the Wheel, P = Weight that 
holds the Wheel in Equilibrio, z = Weight raiſed by 
the Wheel in Motion. Then the Difference of thoſe 
Velocities, viz. V — v will be that with which the 
Water ſtrikes the Wheel; and ſince the Force of Strik- 
ing Fluids is always as the Square of the Velocity, (as 
will hereafter be ſhewn) and Cauſes are proportional to 


their Effects, we ſhall have V always proportipnal 
toz; and when Þ = e, we ſhall have z = P; and 
then V? will be as P, fo tffat it will always be V*': P 
: VW :2; and fo _ = v — Y and » = 


VVL 


F 


4. But 
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„ih THE Common, F ACK is a compound En. 
ine, where the Weight is the Power ap- 
N f 56. plied; 
8 But from the Principles of Mechanics, we have 
the Radius of the Wheel A C (= R) to the Radius of 


the Axle CB(=r) as the Velocity of the Wheel y | 
dito the Velocity of the Weight z; that is, R: 7: 


1 P 8 X. — $4.4 X — = Velocity of:. 

AG ai. 07; 

Which Velocity of the Weight being multiplied by the 
3 eight 2, gives an Expreſſion al X * 
for the Effect of the Engine. 

5. This Expreſſion is to be determined to a Maxi- 

oy | of = P — 2972 
P 

equal to Nothing, (the Part * being conſtant, we ne- 


2 

glect.) ws * FÞ , then 2 ß —x 

 JE=zXP2 —2X* =3XPz = y, (becauſe Pi is 
conſtant) therefore à Pi — z:z =5=0; hence £ PI 
=7 of x, therefore P: =} zz; whenceP —2 x, and 
2 2 P; that is, the Weight z, when the Machine is 


in its greateſt Perfection, is equal tog of the Weight P, 
that will keep it in Eguilibrio. Q: E. D. 


6. Hence, if in the Expreſſion v = /P—V ** 


we ſubſtitute che Value of 2, Viz. 5 P, we Fal have 


„ VYP—vVV3P 
6 Wy JP „ or v/P=V F- 


A5. VX 3 therefore v = V. That is, 
the Velocity of the Wheel (v) is equal to the Third 
Part of the Velocity of the Water, when the Machine 
is in the greateſt Perfection. 

7, When 


mum by making the Fluxion 
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plied; the Friction of the Parts, and the 
Weight with which the Spit is charged, is 
the Force to be overcome; and a ſteady, 
uniform Motion, by Means of the Fly, is 

| the 


1. When the Wheel is kept in Equilibrio by che 
Weight P, we have F: P:: CB (= .): CA (R) 


by the Principles of Mechanics; whence we have = 


=P; whence z = 2 P'=) = which Values of z 


and P, ſubſtituted in the Expreſſion * * © ns + 
will give 2 VF for the Exponent of the greateſt Effect 
of the Engine. 3 

8. To illuſtrate this by Example; ſuppoſe G A a 
Body of Water iſſuing from an Aperture in the Pen- 
Stock one Foot Square, and four Feet below the Surface 
of the Water-Head; in this Caſe the Force of the 
Water F = 250 1b. and the Velocity V = 16 Feet per 
decond (as will appear hereafter); whence 4+ V F = 


Cx 350X 2 = 592, 6, and this is the greateſt Effect 


27 
of the Engine; now if R: 7: : 8: 1; then P 
— = 2000; and x 2 5 P,= 888,916, And its Ve- 
locity will be F of 4 of 16, or 4 of a Foot per Second, 
To prove the Truth of all that has been ſaid, one need 
only take z either greater or leſſer than 888,9 16. and 


then the Expreſſion for the Effect of the Engine at X 


ERIC „ will give a Number in each Caſe leſs 


than 592,6z which therefore is the Maximum, as above 
ound, a 


1 


MECHANICS. 


he End or Intention of the Machine 
x 


(XII) 1. The FLy is the only Part I ſhall here 
take Notice of in the Chimney-Jack, and ſhall explain 
its Nature and Uſe both there and in other Mechanical 
Machines. For it may be applied to any Sort of En- 
gines to very good Purpoſes, which have a and 
circular Motion, and where the Power or Reſiſtance 
acts unequally in the different Parts of a Revolution. 
2. The Uſe of the Fly is to facilitate the Motion of 
Engines, by accumulating and retaining the Power 
communicated to it, and exerting it gradually and 
equally in each Revolution of the Machine; whence it 
comes to paſs that the Motion of the Machine is ren- 
dered very nearly uniform and of an equal Tenour in 
all Parts of the Revolution, and therefore more eaſy, 
pleaſant, and convenient to be ated by the impelling 
Power. For neither the Strength of Men, nor other 
Powers or Reſiſtances affecting the Engine, can or de 
act equally and uniformly in every Part of a Revolution. 
Thus Meat on a Spit gives always more Reſiſtance on 
one Part than another, by which Means the Motion 
would be. ſo irregular and jolting, that it would ſoon 
become ſhaken and looſed from the Spit, and ſo not be 
carried round, were not this Irregularity preyented by 
the, Fly. . 
3. The Fly does not add any new Power to an En- 
gine, as ſome have imagined ; as is evident for the fol- 
lowing Reaſons. (1.) The Fly has no Motion but 
what it receives at firſt from the Machine. (2.) A De- 

ee of Force is always neceſſary to maintain the Mo- 
tion of the Fly, which muſt be ſupplied from the Ma- 
chine. (3.) The Friction of the Pivot, Screw, &c. 
of the Fly is a Reſiſtance to the impreſs'd Force, and 
muſt abate it. (4.) The Air likewiſe makes Reſiſtance 
to the Weights at the End of the Fly. Upon all which 
Accounts it is eaſy to underſtand, that the Fly, inſtead 
of adding, does very much decreaſe or lefſen the Power 
impreſſed on the, Machine, 

| 4. The 


Mz cnanicyy 


is CLOCKS, WATCHES, Fer the, 
Power is the Weight or Spring; eher 
| to 


4. The beſt Form for a Fly is that of a heavy Wheel 
or Circle, of a fit Size; for this will meet with leſs 
Reſiſtance from the Air; and being continuous, and 
the Weight ever where equally diſtri uted through the. 

Perimeter of the Wheel, the Motion will be more eaſy,” 
equable, and regular, In this Form the Fly 'is ml 
aptly applied to the perpendicular Drill, here it 1 
only gives Weight and Open wage, but con- 
tributes to keep the Drill upright by its -enttifugal, 
Power. — Ss 

5. In this Form it is alſo beſt applict to a WIWHIRS Sr” 
common Winch, where the Motion is ptetty quick; far 
when a Man turns the bended Handle of the Winch, 
his Strength is not, nor can be cdl ted in eybiry 
Part of the Revolution; for in — upwards fro 
the lower Quarter, he can exereiſè more Potter than 1 
thruſting forward in the tipper Qularter, Where,“ g 
courſe, 1 of his former orce Would ö t, Wer 
it not accumulated and cotiferved'iti'the'thuabſe/Mo-" 
tion of the Fly. By this Means a Man may work alt 
Day in drawing up a Weight of 46 . whereas 30 IF. 
would create him more Labour in a Day witfqut the Fly. 

6. The Fly is ſometimes made uſe of to 'iricreaſe the 
Force of Mechanical Engines, ks of the Lever and 
Screw, in that for Stamping of Money in the Mint. 
Here the Power exerted by the Man is accumulated b 
the large Weights at each End of the Lever; the Le- 
ver increaſes and communicates it to the Cylinder, up- 
on which it is fixed ; the Screw' does again increaſe or 
condenſe it upon the Medal, by Means of which the 
Impreſſion of the Image is made. 1 

The great Power of this (or any other Machine 
of this Kind) may be thus computed, Suppoſe the Arms 
of the Fly 15 Inches each, or the Length of the Lever 30 
Inches, and each Weight to be 50 1b. and the Diameter 
of the Cylinder at the Screw to be one Inch. If each 
Stroke be made in a Half-Circle, which Will be four 
Feet, and in half a Second of Time, the Velocity (be- 


ing 


* 


MzcHantcs, 
to be overcome is the Friction of the nu⸗ 
merous Parts, which are chiefly a Combi. 
nation of Wheels and Axles, whoſe Uſe is 


to divide a large Portion of Time, as a Day 
or Heur, into very minute equal Parts, as 


* Minutes, Seconds, &c. and to point out thoſe 


Diviſions by an equable Motion of a proper 
Hand or Index round a graduated Circle 


(XIII. 
Is 


ing equably accelerated by the continued Action of the 
Man) will at the Inſtant of the Stroke be at the Rate of 


eight Feet per . $ X 190 b. = 8004, 


for the Mamentym of the Lever or Fly. But fince the 
Diameter of the Screw is but 0 of the Length of 

Leyer, we ſhall have 39 x 800 15. = 24000 jb. for the 
Momentum of the Engine, which is equal to that of 
100 /b. falling 120 Feet; which prodigious Force is ſtill 
farther increaſed for coining larger Pieces of Money, by 


— T5 the Weights and Arms of the Fly. 
an 


(XL) 1. I ſhall here ſhew the Principles of Watch 
Clock-Work, and how to calculate the Numbers 
for the Movements, in as clear and compendious a Man- 
ner as I poſſibly can. In all Automata, or Machines of 
Clock-Work, there is a natural Agent or A of 
Motion; which, by acting on one Part, gives Motion 
to that, and all the other Parts depending upon it, and 
thus becomes the Primum Mobile, or firſt Mover to the 
whole Machine. 

2. In common Clocks and Watches this is of two Sorts, 
viz. A SPRING or a WEIGHT ; either of which may 
be made to act with any determinate Force; the Spring 
by its Elaſticity, and the Weight by its Gravity, In 
theſe Machines this Force is required to be ſuch as will 
overcome the Vis Inertiæ and Friction of all the Parts in 
Motion; which in Watches is very inconſiderable, but 
in Clocks is much greater, and that in proportion 28 
they are more compounded. 

3. The 
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MzcHANICS. 
The Manner in which a Weight acts upon the 


ylinder, about which the Line or Cord (to which it 
hangs) is wound, is eafy to be underſtood by all; but 
he Action of the Spring coil'd up within the Cylindric 
Barrel or Box of a © — or Watch, is ſomewhat more 
ice and myſterious; and the Manner how it acts upon 


hain, and the proper Figure of the Fuſee for that 
Purpoſe, is next to be explain'd. 
4. The Chain being fix'd at one End to the Fuſee, 
d at the other to the Barrel, when the Machine is 
winding up the Fuſee is turn'd round, andof courſe the 
Barrel ; on the Infide of the Barrel is fix'd one End of 
the Spring, the other End being fix'd to an immove- 
able Axis in the Centre. As the Barrel moves round, 
it coils the Spring ſeveral Times about the Axis, there- 
by increaſing its elaſtic Force to a proper Degree; all 
this while the Chain is drawn off the Barrel upon the 
Fuſee; and then when the Inſtrument is wound up, the 
Spring by its elaſtic Force, endeavouring conſtantly to 
unbend itſelf, acts upon the Barrel, by carrying it 
round ; by which means the Chain is drawn off rom 
the Fuſee, and thus turns the Fuſee, and conſequently 
the whole Machinery, | | 
5. Now as the Spring unbends by Degrees, its elaſtic 
Force, by which it ede the Fuſee, will gradually de- 
creaſe; and therefore unleſs there were ſome Mechani- 
cal Contrivance in the Figure of the Superficies of the 
Fuſee to cauſe that as the Spring is weaker, the Chain 
ſhall be removed farther from the Centre of the Fuſee, 
ſo that what is loſt in the Spring's Elaſticity is gained in 
the Length of the Lever; I ſay, unleſs it were for this 
Contrivance the Spring's Force would always be une- 
qual upon the Fuſee, and ſo would produce an un- 
equable Motion of the Parts of the Machine. 
6. The Figure of the Curve, which ſhall form the 
Superficies of the Fuſee by a Revolution about its Axis, 
may be inveſtigated as follows. Let BCD be the 
Curve, AL the Axis of the Fuſee produced; let D be 
the Point where the End of the Chain is fix'd on the 
Fuſee when the Watch is down, or the Spring un- 
coll'd, and B the Point where it touches it when the 
Spr.ng 


he Fuſee always with an equal Force by means of the 


Pl. XI. 
Fig. 1. 


"> EE 


0 ——— 


- — —_ py — — _ = 


- - — 5 1 „„ 2 þ A * * 
= ” - : * — 2 — "> = — — . — — — — * 
— — — > — — — <p> > — 


a 


MAI. 


Bpring or Machine is wound up. From the Points 3 


and D let fall the Perpendiculars to the Axis BA ang 
DH; in which produced, let there be taken AE and 
HI proportional to the Force or Strength of the Spring, 
when the Chain is at B and D. Through E, I, draw 
the Right Line EIK interſecting the Axis ſomewhere 
in K; and from any Point C in the Curve, draw CF 
perpendicular to the Axis in G; then will F G be a 


the Strength of the Spring when the Chain is as . 


7. Now, ſince the Force acting on the Fuſee ought 


always to be uniformly the ſame; and this Force be- 


ing always as the Strength of the Spring expreſs'd by 
FG, 9 the Diſtance at hich the Chain ac from 
the Axis of the Fuſee conjointly : Therefore the Force 
at 11 Point C will be as the Rectangle FG X GC, 
and ſince this is a given Quantity it may be made FG 


X G Sal, and ſo we have FG = LEY 


8. Therefore to determine the Equation of the 
Curve BCD, let KH = a, HI =b, HG = x, and 
GC =. Then becauſe of the ſimilar Triangle HK! 
and G K F, we have HK: HI: : GK: FG 


. that is, g:: :＋4ç: 2. whence we have aa = 


a y + xy, which is the Equation of the Curve, and 
ſhews it to be of the Hyperbolic ind. 

9. The Form or Figure of the Fuſee being rom de- 
termined by the given b orce of the Spring in the Points 
B and D, and the Points G taken at Pleaſure ſucceſ- 
ſively from H towards A; we next conſider that it is 
acted upon, or put into Motion, by an uniform Force; 
by which means alſo the Great Wheel, which is fix'd 
to it, is put into Motion, and that drives the Pinion 
of the Centre Wheel, which Centre heel drives the Pinion 
of the Third Wheel, and this drives the Pinion of the 
Contrate Wheel, and this the Pinion of the Balance Wheel, 
Which plies the two Pallets on the Axis of the Balance, 
and keeps the Balance in Motion. 

10. The Balance in a Watch is inſtead of the Pendu- 
lum in a Clock; both ſerving to govern the Motion 
of the whole Machinery, To this Balance is fix d a 
{mall Steel ſpiral Spring which regulates the — 

| thereof, 


thi 
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lvcreof, and makes it equable; whence its Name f 
Regulator. N. B. The Reader will do well to have bis 
Eye upon the internal Parts of the Watch ar be reads this 
Beſcripiion .. . 
1m. When the Watch is wound up, the Chain from 
the Spring exerts a-Force upon the Fuſee, which gives 
Motion to all the Parts of the Machine in the following 
Manner ; which will be eaſy to underſtand when the 
Number of Teeth in each Wheel, and Leaves in the 
Pinions which they drive, are ſpecified, And theſe in 
Modetn Thirty-Hour Watches are as follows. 


0 . 1. ; 


Great-Wheel 48 — I2 
Centre-W heel 54 6 
Third-Wheel 48 6 
Contrate-Wheel 48 —— 6 
Balatice-Wheel 15 ——— 2 Pallets; 


12. Hence 'tis eaſy to underſtand how often any one 
Wheel moves round in the Time of one Revolution of 
that which drives it; Thus the Great-Wheel on the 
Fuſce, having 48 Teeth, and driving the Centre-Wheel 
by a Pinion of 12, muſt cauſe the Centre-Wheel to 
move round 4 Times in one Turn of the Fuſce, And 
ſo for all the reſt, as below. . 


12)48(4 = Turns of the Centre-Wheel. 
605409 = Turns of the Third-Wheel. 
6)48(8 = Turns of the Contrate-Wheel. 
604808 = Turns of the Balance-Wheel; 


13. Whence jt follows that the Turns of each of 
thoſe Wheels reſpectively in one Turn of the Fuſee, 
will be had by multiplying thoſe ſeveral Quotients to- 
gether ſucceſſively, as follows: | 


1 Turnof the Fuſee or Great-Wheel. 
4X1 = 4 Turns of the Centre-Wheel, 
9%4X1 = 36 Turns of the Third-Wheel. 
8X9X4X1 = 288 Turns of the Contrate-Wheel. 
$X8Xg9X4X1 = 2304 Turns of the Balance- Wheel. 


14. The Balance-W heel having 15 Teeth, and each 
ſtriking a Pallet twice jn one Revolution, there will be 
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30 Strokes upon the Axis of the Balance, which we 
call the Beats of the Balance; and therefore there il 
be 2304 &P = 69120 Beats in one Turn of the Fuſes 
or Great-Wheel, | V2 
15. The Centre-Wheel is that which. we muſt have 
the principal Regard to in the 3 of Time; the 
Wheels beyond this, towards the Balance, ſervin ly 


to multiply the Strokes of the Ralance, and cawſe'it to 


move with an inſenſible Power, and be thereby ſubj 
to a more perfect Regulation. But the Centre-W 
is that upon which both the Hour and Minute- Hand is 
moved or carried round upon the Face of the Watch 
to indicate the Time, viz. the Hour of the Day, or 
Minute of the Hour. | | 
16. Since the Time of the Watch's going is 30 
Hours, and the Minute Hand, and conſequently the 
Centrc-Wheel, goes round once in an Hour, the fad 
Centre-Wheel will have 30 Turns in the Time of the 
Watch's going; and becauſe it has four Turns in one 
of the Fuſee, therefore 4) 300 7 = the Number of 
Turns of the Fuſee in winding up the Watch. Whener 
69120 X 7,5 = 518400 = the Number of Beats du- 
ring the whole Time of the Watch's going. | 
17. If then we divide 518400 by o, we ſhall have 
the Qiiotient 17280 = Number of Beats in an Hour, 
which is call'd the TRAIN of a Watch; and it is ſaid 
to be a ſwifter or lower Train as the Number of Beats 
in an Hour is greater or leſſer. It we divide the Train 
17280 by 3600,. the Seconds in an Hour, the Quotient 
vill be almoſt 5; that is, there will be near 5 Beats 
per Second in ſuch a Watch. | | 
18. From this Analyſis of a Watch, it will be eafy 
to form an Idea of the Manner of Calculation for the 
Numbers of the Teeth and Leaves for the ſeveral 
Wheels and Pinions throughout the Work; and I ſhall 
. endeayour to facilitate and illuſtrate this by an Example 
of the Numbers of a Watch whoſe Traia is 14400, 
and which therefore will beat Quarter-Seconds, be- 
cauſe ſuch a one will be uſeful for many Philoſophical 
Purpoſes, as well as the common Meaſure of Time. 
19. The Time which this Watch ſhall go, may be 
32 Hours; then 14400 X 32 = 460800 = the ” 
| "a 
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of the Balance in the whole Time. - Suppoſe the Num- 
ber of Turns in the Fuſee be 8; then $)460800( =57600, 
= the Beats in one Turn of the Fuſee. Again, let the 
Number of Teeth in the Balance-Wheel be 15, thers | 
will be 30 Beats in one Turn of this Wheel; then | 
20)57600(=1920, which will be the Number ariſing: 
from the continued Multiplication of all the Quotients 
of the Wheels, divided by the Pinions they drive from 
the Great-W heel to the Balance- Wheel, as will be eaſy 
to underſtand by Art. 12, 13. | alt] r d 88 
20. The Buſineſs is now to break this Number into 
convenient ſmall Numbers, which multiplied together 
{all make the ſame Number 1920. This may ſoon be 
done by a few Trials; thus ſuppoſe, I take the Num- 
ber 4 for one of them; then 4) 19200480. This 
Number, 480, I plainly ſee can be divided by 6 with- 
out a R:mainder; therefore 6) 480 = 80; and as 
] plainly ſee that 80 = 8 X 10, therefore the four 
Numbers fought are 4, 6, 8, and 10. For theſe, multi- 
plied together, make 1920, viz. 4X6X8X10 = 1920. 
21. Having thus got the Quotients, it will be very 
eaſy to find what large Numbers, divided by (mall ones, 
will produce the ſaid Quotients; thus 12)48( = 43: 
wherefore, if I allow 48 "Teeth to the Great-W heel on 
the Fuſec, it muſt drive a Pinion of 12 on the Centre- 
Wheel, Your 2014 
22. In the next Place, for the Quotient 6, I chuſe 
the Numbers 54 and q; thus 9)54( 2 6 which ſhews 
that the Teeth of the Centre-Wheel may be 54, and it 
muſt then drive a Pinion of q on the Third-W heel. 
Or, if inſtead of 54 and 9, I rather make Choice of 
48 ard 8, it will anſwer the ſame End; for 8)48{=6; 
as before. | 
23. Then for the Quotient 10, tis eaſy to ſee, that 
50 and 5 will produce it, viz. 5) 500 10. That is, 
the Third Wheel having 50 Teeth muſt. drive a Pinion 
of 5 on the Contrate-Wheel, If the ſaid Wheel has 
40, or 60 Teeth, and drive a Pinion of 4 or 6, the 
ſme Number of Turns will be obtained. | 
24. Laſtly, for the Quotient 8, we have the Num- 
bers 48 and 6; for 6)48{ =8; or 7)56(=8; or 
5)40{ = 8, Whence if the Contrate-W heel be al- 
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low'd 40, or 48, or 56 Teeth, it muſt drive a Pinion 
of 5, 6, or 7 Leaves on the Balance-Wheel. = 
25. By this Means all the Wheels and Pinions are 
determined, and adjuſted in the Body of the Watt 
from the Fuſee to Balance ; but all that we hays 
hitherto done ſhews only the Minutes of an Hour, and 
Seconds, or Quarter Seconds of a Minute; but nothing 


has yet been mention'd relating to the Mechaniſm for 


ſhewing the Hour of the Day, of wich we ſhall treat 
in the next Place. jel Te NY 
26. This Part of the Work lies conceal'd from Sight 
between the upper Plate of the Watch-Frame and the 
Dial-Plate ; and fince few People have the Opportunity 
of viewing this Work, I have here repreſented it by a 
Figure; wherein ABC is the uppermoſt Side of the 
Frame-Plate, as it appears when detached from the 
Dial-Plate ; the Middle of this Plate is perforated with 
a Hole receiving that End of the Arbor of the Centre- 
Wheel which carries the Minute-Hand ; on this End of 
the Arbor, near the Plate, is fix d a Pinion abof 10 Teeth; 
this is call'd the Pinion of Report; it drives a Wheel 
cd of 40 Teeth ; this Wheel cd carries a-Pinion ef of 
12 Teeth, and this drives a Wheel gh with 36 Teeth, 
27. As in the Body of the Watch the Wheels every 
where drive the Pinions, and fo quicken or increaſe the 
Motion ; here, on the contrary, the Pinions drive the 
Wheels, and by that Means decreaſe the Motion, which 
is here neceſſary; for the Hour-Hand, which is carried 
by a Socket fix'd on the Wheel gh, is required tomowe 


but once round, while the Pinion a b moves 12 Times 


round. To this End the Motion of the Wheel cis 
of the Pinion ab, becauſe 10)40(=4. Again, whiF 
the Wheel cd, or the Pinion ef, goes once round, it 
turns the Wheel gh but ; Part round, for 12)36(=3 
Conſequently the Motion of gh is but + of + of the 
Motion ab; but + of 2 = , that is, the Hour-Wheel 
gh moves once round in the Time that the Pinion of 
Report on the Arbor of the Centre or Migute-Whee! 
makes twelve Revolutions, as requir d. : 

28. Having thus ſhewn the Nature and Manner of 
the Mechaniſm of a Vutch, the Structure of that or 
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of 2 Clock, which is concern'd in ſhewing the Time, 


ior Wl will cafily be underſtood, eſpecially as it is repreſented 
| in the Draught, The Mechaniſm of a Clock conſiſts 
are Wi of 110 Parts, one to ſbetu the Time, the other to report 
teh Wi i, by ſtriking the Hour upon a Bell. How each of 
ave Wl theſe is effected, I ſhall ſhew by the following Steps. 
ind 29. Each Part is actuated qr moved hy Weights, as 
ns Wi in common Clocks, or Yprings included in Boxes or 
r Barrels, as A; this Cylinder moves the Fuſee B, and 
rat WY the great Wheel C, (to which it is fix d) by the Line 
or Cord that goes round each, and anſwers to the 
ht Chain of the Watch. The Method of Calculation is 
the WH here nearly the fame as befare, For ſuppoſe here the 
ity WW Great-Wheel C round once in twelve Hours ; 
den if it be a Royal Pendulum Clock, ſwinging Seconds, 
he we have 60 c 60 X-12 43200 or Beats, in 
he one Turn of the Great-W heel, a 25 
th 30. But becauſe there are 60 Swings or Seconds in 
e. one Minute, and the Seconds are ſhewn by an Index 
of Wi on the End of the Arbor of the Swing-Wheel (which in 
b; WY thoſe Clocks is in an horizontal Poſition) therefore 
” tis neceſſary that the Swing-W heel ſhould have 30 


Teeth, Whence 660)43200(=720, the Number to 
de broken into Quotients for finding the Number of 
Teeth for the other Wheels and Pinions, as before, in 
Art. 20. a HO 


Wheel E. e ee 

32. The other Quotient 8 will give us 8)64(=8, 
or 7)50(=8; W N if we give 64 Teeth to the Con- 
uate-Wheel E, it muſt drive a Pinion of 8 on the Ar- 
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bor of the Bwing-Wheel. But if only 56 be alloy, 
then it muſt drive a Pinion of 7, and cheſe laſt Num. 
bers are now generally uſed, Thus much for the Tine 
Hart, as far as the Minutes and Seconds: As for the 
Pinions and Wheels to ſhew the Hours, they are the 
{ame as was before ſhewn in the Watch, At. 26, 27. 

33. In Spring Clocks the Diſpoſition of the Wheels 


in the Watch Part is ſuch as is here repreſented in the 
Figure, where the Swing Wheel F is in an horizontal 


Poſition, the Seconds not being ſhewn there by an In- 
dex, as is done in the large Pendulum Clocks, accord: 
ing to the foregoing Calculation: Whence in theſe 
Clocks the Wheels are diſpoſed in a different Manner, 


as repreſented in Fig. 4. where C is the Great-Wheel, 
D the Centre or Minute-Wheel, both as before; but 


the Contrate-Wheel E is plac'd on one Side, and F 
the Swing-Wheel is plac'd with its Centre in the ſame 
perpendicular Line GH with the Minute- Wheel, and 
with its Plane perpendicular to the Horizon, as are all 
the others. Thus the Minute and Hour Hands tum 
on the End of the Arbor of the Minute-Wheel at «, 
and the Second-hand on the Arbor of the Swing-Whes| 

at b. | e 
34. It remains now that we give an Account of 
the Machinery of the Striking-Part of a Clock; Here 
as in the Watch-Part, the Primum Mobile is a large 
Spring, in the Spring-Barrel G; but in long Pendu- 
lums it is a Weight, as is well known. This by its 
Cord and Fuſee moves the Great Wheel H; that gives 
Motion to the Pin- heel l; that continues it to the De- 
tent or Hoop-Wheel K; and that to the Warning-Whetl 
L; which at laſt is ſpent on the Fying-Pinimm Q, 
which carries the Fly or Pan; and by its great Veloct- 
ty it meets with great Reſiſtance from the Air it Grikes, 
and by this Means bridles the Rapidity of the Clock's 

Motion, and renders it equable. ls 2. o34 
35. All theſe Wheels are quieſcent or motionleſs, un. 
leſs when at the Beginning of each Hour the Detent O 
is lifted up, by. which Means the Work is unlock d, 
and the Whole put into Motion by Virtue of the Spring 
I in 
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in the Box G. During this Motion the Pins 4 Werne 
of the Pin-W heel I, take the Tail of the Hammer T, 
and carrying it upwards remove the Head of the Ham- 


mer 5 from the Bell R; then being let go by the Pin it 


is made by a ſtrong Spring to give a forcible Stroke 


upon the Bell, and this is repeated as often as the Hour 


requires, by Means of a Contrivance in another Part. 


30. This conſiſts of moveable Wheels, and ſeveral, 


Levers, and other, Parts, which cannot be underſtood 
by a bare Deſcription, or even by a Repreſentation in 


2 Draught, ſo well as any Perſon ey have an Idea of 


them by taking off the Face or Dial-Plate of a late- 


made Eight-Day Clock; for, within 8 or 10 Years 


paſt, great Improvements have been made in this Part 
of the Mechaniſm. Of which, perhaps, I may give a 


more ample Account in another Place, the Scope of 


my preſent Deſign not admitting it here, 


37. To the Invention of Mr. Maurice II beeler we 


owe the curious Contrivance of a Clock deſcending. on an 
Indined Plane; the Theory of which is worth any Gen- 
tleman's Knowledge, and may be ſeen in N“ 161. of the 
Philiſaphical Tranſactions. Alſo the Clock itſelf may 
be ſeen at Don Saltere's Coffee-houſe in Chelſea. 

38. But ſince many People may have a Curicſity to 
be acquainted with this odd Kind of Machinery, who 
have neither of the Opportunities abovementioned, I 
will here preſent them with a ſhort Account of this 
Clock. DE is the inclined Plane on which the Clock 


ABC deſcends ; -it conſiſts externally of a Hoop, and 


two Sides or Plates ſtanding out beyond the Hoop 
about 4 of an Inch al} round, and indented that the 
Clock may not ide, but turn round as it moves down, 


39. One of theſe Plates is inſcribed with the 24 
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Hours, which paſs ſuccefũvely under the Index, which. 


is always in a Poſition perpendicular to the Horizon, 
and ſhows the Hour on the Top of the Machine: For. 


this Reaſon the lower Part of the Index js heavieſt, 
that it may preponderate the other, and always keep 
it upright as the Movement goes on. 


40. For the internal Part or Mechaniſm, let LEDQ, 


be the external Circumference of the Hoop, and f f the 
O 4 ramce 


dhe Friction or Reſiſtance of the Train, it will remain 
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Frame · Platt on which ib placed the Train of 
Work 1, 25 , 4. Which list much the ſame as in other 
Clocks, arid is governed by e Halance and Regulator as 
in them. But for a Spring and Fulee, there / needs 
none in this Clock, their Effects being bring otherwifh an- 
ſwered, as we ſhall ſee ot 
7 4105 Ir this Machine the great Wheel 1 iö pliced in 
the Centre, or upon the Axis of the Movement, and 
the other Wheels and Parts towards one Side, which 
therefore would prove a Biaſs to the Body of the Clock, 
and eauſe it to move, even on a horizontal Plane, for 
ſome ſhort Diſtance; this makes it neceſſary to fix a 
thin: Plate of Lead It C onthe oppoſite Part of the 
Hoop, to reſtore-the Equilibrium of the Movement, 
42. This being docs, the Machine will abide at 
reſt in any Poſition on the horizontal Plane HH; but 
if that Plane be changed into the Inclined Plane DE, 
it will touch it in the Point D; but it cannot reſt 
becauſe the Centre'of Gravity at M acting in the Di- 
rection MI, and the Point Y having nothing to ſup- 
| tit, muſt continually deſcend: and cl e Body 
own the Plane. 

43. But now if any weight p be fixed on * other 
Side the Machine, ſuch as ſhall remove the Centre of 
Gravity from M to the Point V in the Line LD, which 
paſſes thro? the Point D; then it will reſt upori the In- 
elined Plane, as we have ſhewn- in the Caſe of the 
Rolling Cylinder ; we this lafirement is founded on the 
ſame Þrineiple. Eft 2 

44. If now the W eight P he ſuppoſed not fixed, but 
ſuſpended: at the End ef an Arm, or Yettirz which 
Arm or Lever is at᷑ the ſame. Time faſtened to a Cen- 
tral Wheel 1, _—_ on the Axis M of the Machine, 
which Wheel eeth ſhall communicate with the 
Train of Whee Fs, 2 on the other Side ; I ſay, in 
this Caſe if the Power of the Weight P be juſt equal to 


motionleſs all one as before when it was fixed; and 
conſequently the Weck allo wil be at reſt on the In- 

olincd Pla re. 
45. — ſuppoſing we Weight P has 2 Power ſupe- 
2 


ee F Ke 


. 


MECHANICS, 


or to the Refiſkance of the Train, it will then put it 
into Motion, and of courſe: the. Clock likewiſe, which 
will then commence a Motion down the Plane, while 
the Weight P, its Vactit PM; and the Wheel x, all 
;ctain conſtantly the ſame Poſition they at firſt have 


when the Clock — to moe. | 
46. Hence tis eafy to undurſtand that the Weight P 


may have ſuch an intrinſio Gravity as ſhall cauſe it to 


act upon the Train with any required Force, ſo as to 
roduce a Motion in the Machine of any required Ve- 
ocity, as ſuppoſe ſuch asſhall' carry it once round in 
twenty-four Hours; then if the Diameter of the Plates 
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AB C be four Inches, it will deſeribe the Length of 


its Circumference, viz. 12, 56 Inches in one natural 
Day; and therefore if the Plane be of a ſufficient 
Length, ſuch a Clock may go ſeveral Days, and would 
4 32 25 Motion, if the Plane were of an infinite 

neth. wud; 20%} Sti: 24 v9 
a. Let S D be drawn through M perpendicular to 
the Inclined Plane in the Point D. Alſo let LD be 
perpendicular to the horizontal Line H H, paſſing 
through D. Then is the Angle HDE=LDS=DMT. 
Whence it follows, that the greater the Angle of the 
Plane's Elevation is, the greater will be the Arch DT, 
and confequently the farther will the common Centre 
of Gravity be removed from M; therefore the Power 
of P will be augmented, ànd of courſe the Motion of- 
the whole Machine 3 4 a * 2 8 
48. Thus it appears, that by duly adjuſting the in- 
trinſic Weight of Þ at firſt to — — a Motion ſhew- 
ing the mean Time as near as poſſible ; the Time may 
z;erwards be corrected, or the Clock made to go faſter 
'r ſower by raiſing or depreſſing the Plane, by means 
of the Screw at 8. The Angle to which the Planecis 
arſt raiſed is about ten Degrees. I Yo ns” 

49. We have given the Theory of a Clock moving 
down an inclined Plane: Let us now confider how a 
Clock may be made to aſcend on the ſame inclined 
Plane, Jo this End tet ABD be the Machine on the 
inclined Plane EDE, and let it be kept thereon at 
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Reſt, or in Eguilibrio, by the Weight P, at the End 


of the Lever B M. The circular Area C F is — 
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In the ORRERY and COMETARIUM, 
the whole Machinery is a Compages of 
Wheels of various Sizes, ſuitably contrived 
and adapted to produce circular and ellip. 
tical Motions of Bodies repreſenting the 
Planets and Comets, ' in ſuch Periods of 
Time as are exactly proportional and cor- 
reſpondent to the reſpective Motions of the 
Heavenly Bodies which they repreſent; al- 
ſo their ſeveral Phaſes, Poſitions of the Or- 
bits, and other Affections, fo as to be a 
perfect Microcaſin, or Solar Syſtem in Minia- 
ture (XLIII, XLIV). 1 | 


-. In 


End of a Spring Barrel in the Middle of the Move- 
ment, in which 1s included a Spring, as in a common 
Watch, 

50. To this End of the Barrel the Arm or Lever 
PM is fixed upon the Centre M; and thus when the 
Clock is. wound up, the Spring moves the Barrel, 
and therefore the Lever and Weight P, into the Situ- 
ation PM. In doing this, the Centre of Gravity is 
conſtantly removed farther from the Centre M of the 
Machine, and therefore it muſt determine the Clock to 
move upwards ; which it will continue to do, ſo long 
as the Spring is unbending itſelf ; and thus the Weight 
and its Lever PM will preſerve the Situation they firſt 
have, and do the Office of a Chain and Fuſee. This 
is the Contrivance of M. de Gennes, See Phil, Tranſ. 

140. .. | 

(XLIII) It would be too great an Undertaking here 
to give an Account of the Mechaniſm of the larger Sort 
of Orreries, which repreſent the Movements of all the 
heavenly Bodies ; nor indeed can it be done either by 
Diagram or Deſcription, to render it intelligible to the' 
moſt diſcerning Reader; but inſtead of that, I ſhall 
exhibit 
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exhibit an Idea of the Theory and Structure of an uſe. 
ful, conciſe, and portable Planetarium, which any 
Gentleman may have made for a ſmall Expence, and 
will exhibit very juſtly the Motions of all the primary 
Planets about the Sun by Wheel-Work; and thoſe that 
have Secondaries or Moons, may have them placed 
about their Primaries, moveable by the Hand, ſo that 
the whole ſhall be a juſt Repreſentation of the Solar 
Sy/l:m, or true State of the Heavens, for any given 
Time of the Year, - Tb 5 

2. In order to this we muſt firſt compare, and find 
out the Proportion, which the Periodical Times or Re- 
volutions of the Primary Planets bear to that of the 
Earth; and they are ſuch as are expreſſed in the Tablet 
below, where the firſt Column is the Time of the 
Earth's Period in Days, and Decimal Parts; the ſe- 
cond that of the Planets ; the third and fourth are Num- 
bers in the ſame Proportion to each other, 


As 365,25 : 88 8 :: 83: 20, for Mercury. 
365,25 : 224,7 d n 52: 32, for Yeuus. © 
365,25 : 686,9 :: 40: 75, for Mars. 

365,25 : 4332,5 WU :: 7 : 83, for Jupiter. 
365,25 : 10759,3 h 3: 5: 148, for Saturn. 


0 If now we ſuppoſe a Spindle or Arbor with fix 
Wheels fixed upon it in an horizontal Poſition, having 
the Number of Teeth in each, correſponding to the 
Numbers in the third Column, viz. the Wheel AM 
of $3 Teeth, BL of 52, CK of 50 (for the Earth,) DI of 
40, EH of 7, and FG of 5; and another Set of Wheels 
moving freely about an Arbor, having the Number of 
Teeth in the fourth Column, viz. AN of 20, BO of 
32, CP of 50 (for the Earth,) DQ of 75, ER of 83, 
and FS of 148; then if thoſe two Arbors of fixed and 
moveable Wheels are made of the Size, and fixed at the 
Diſtance from each other, as here repreſented in the 
Scheme, the Teeth of the former will take thoſe of the 
latter, and turn them very freely when the Machine is 
in Motion. | | 
4. Theſe Arbors, with their Wheels, are to be 
placed in a Box of an adequate Size, in a perpendicular 
bf Paſitionz 
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Poſition ; the Arbor of fixed Wheels ta move on Pivot: 


at the Top and Bottom of the Box; and the Arbor ut 
moveable Wheels to go through the Top of the Box to 
a proper Height, on the Top of which is to be placed 
a round Ball, gilt with Gold, to repreſent the Sun, 
On each of the moveable Wheels is to be fixed a Socket 


or Tube aſcending above the Top of the Box, and 


having on the Top a Wire fixed, and bent at a 
Diſtance into 4 Right Angle upwards, bearing on 
Top a ſmall round Ball repreſenting its proper Planets, 
F. If then on the lower Part of the Arbor of fixed 
Wheels be placed a Pinion of Screw-Teeth, a Winch 
turning a Spindle, with an Endleſs-Screw, playing in 
oth of the Arbor, will turn it with all its Wheels; 
and theſe Wheels will move the others about with their 
Planets in their proper and reſpective Periods of Time 
very exactly. For while the fixed Wheel C K moves 


its equal CP once round, the Wheel A M will move 


AN 32 little more than four Times round, and ſo will 
nicely exhibit the Motion of Mercury; and the Wheel 


F G will turn the Wheel FS about — round, and 


ſo will repreſent the Motion of Saturn. And the ſame 
is to be ſaid of all the reſt. 8 * | 
6. If on the Top of the Box be placed a Circle with 
the Signs of the Ecliptic, including all the Planets, it 
will be eaſy by this Machine to' repreſent the Motions 
and various Phenomena of the heavenly Bodies, by 
thoſe who have Skill in fuch Things. Having thus 
ſhewed the Reaſon, Structure, and Parts of the por- 
table Planetarium, the reſt muſt be left to the Fancy 


the Workman. 85 8 
(XLIV) 1. I ſhall here give an Account of the Me-. 
chaniſm of that Inſtrument, which I call a ComETA- 
RIUM ; for though Dr, Deſaguliers has the firſt o 
any I know of) deſcribed it under the Character of 
Part of a PLANETARIUM, and by it repreſented” the 
Motion of the Planet Mercury ; yet I conceive: it i 
much more adapted to repreſent the Motion of a-Co- 
met than à Planet, becauſe none of the Planets —_— 
3 | | Orbits 


and Pleaſure of the Gentleman, and the Ingenuity © 
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Orbits ſenſibly Elliptical, hereas thoſe of tlie Comets 


are very much ſo. | I have therefore altęred the Doctor's 


Contrivance, and adapted it to the Motion ar Theory | 


of the Comet of the Y ear, x682, whoſe Perigd is 755 


the Parts, by which the Inſtrumen. is e ; 


more elegant and uſefu -.;--7 . * 


| Tad no Saive! 
2. The Structure and Rationale of this Tf LAN is 
as follows; When the Lid is taken off # Box, the 
internal Parts appear as inthe Figure, 8 and QT 
are two Elliptic Wheels turning each other about their 
Foci I and 8, by means of a * ut String in a Groove 
en thelr Edges, croflng at Kt Theſe-oval Whe 
fixed in Arbors or Axes which paſs through the ſamie 
Focus S and I in each; the Oval NO is moved by the 
circular Wheel I, fixed alſo upon the ſame. Axis, but 
above it on the Bar or long Piece GV; Which Wheel 
is itſelf moved by another equal Wheel G, and that 
by an Endleſs-Screw, turned by à Winch, on the 
Outſide of the Box. All which is evident in the Fi- 
ure. 8 e 283 ne ie 4.5 
3. The Perimetet of the Oval Q. T, where it 
touches that of NO, will have a Velocity always pro- 
portional to the Diſtance from I, that . the Points 
K, 4, 3, 2, 1, Cc. the Velocities will be as the Lines 
IK, I 4, I 3, I 2, Ir, &c. which may be conſidered 
as Levers acting upon and. moving birt 92 in 
thoſe Points: Now if the Ovals are ſuch that SK is 
to SV, or IK to I 1, as 6 to , then will the Point K 
have 6 Times the Velocity turned by the Lever I K, as 


- 
- 


the Point V will have when it has made ; a Revolution, 


or is come under the Point S, where it is turned by the 
Lever It, than in the Situation I 8. 

4. If we take SP SK ZIS, and upon the Point 8, s, 
as Foci, you deſcribe the Ellipſis PLIM, that will re- 
preſent the Orbit of the Comet, or the Figure of the 
Groove on the Lid of the Box, in which à round Braſs 


Ball, repreſenting the Comet, is made to flide along on 


a Piece of Wire, called the Radius Vector, fixed at one 


End into the Top of the Arbor at 8, where we _ 


fuppo 


heſe oval Wheels are 


4 
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MECHANICS; 


Ix WATFE R-MIELS, 'the Momentum of 


the falling Water is the Power; the Force 
to be overcome is the great Attrition af 
the two Stones in grinding the Corn, &c; 
which is effected wholly by a Complica- 
tion of Wheels and Axles. | A Query may 
here be put, Why, ſince the Power con- 
ſtantly a&s upon the Wheel, the Motion 
of the Wheel ſhould be equable, and not 
accelerated : The Anſwer is, The Incre- 


ments of Velocitz keep riſing, till their 


Momentum is equall'd by * Reſiſtance of 
the 


fappote the Sun to be, and is accordingly repreſented 
by a filvered Plate at Top. 

5. The Place of the Comet at P is called the Peri- 
helion, as being there neareſt the Sun; as I is its Aphe- 
lion or Point of greateſt Diſtance. Since SP=$ K, the 
Velocity of the Comet will be in the Point P. equal to 
that of the Point K; and were the Comet's Aphelion 
at s, its Velocity there would be equal to that of .the 
Point V when under s, v:z. fix Times leſs than before; 


but ſince the Camet's Aphelion is at I, and ſince the 


greater Arch deſcribed in the ſame Time muſt have 
a greater Velocity, the Velocity of the Comet at I will 
be about 3 of that at P. 


6. The filvered Ellipſis on the Lid of the Box is di- 


vided into 100 Parts, ſhewing the Anomaly of the Co- 
met; and about the Axis of the Wheel G is placed a 
Silver Circle, divided intò 755 equal Parts, repreſent- 
ing the Years or Period of the Comet, with a proper 
Index, pointing to thoſe Diviſions, by which Means 
it is eaſy to ſhew the ſeveral Particulars relating to the 


Theory of elliptic Motions, whether of a Planet or 
Comet. 
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the Machine ; after "which Equilibrium 
tie Wheel goes on with an uniform Mo- 
tion (XLV). = 


(XLV) The Mechaniſm of a Water-Mill depends 
upon the following Principles. | | 

1. The Action or Power of the Water which drives 
the great Wheel. Here it will be neceſſary to deter- 
mins its Force ſuing out of the Aperture of the Sluice 
or Pen-Stock, and alſo the Velocity of its Motion when 
the Height is known; and the Height neceſſary to pro- 
duce a given Velocity, k 

2. As to the Force of Water iſſuing through the 
$luice, that is, its momentary Impulſe, we ſhall ſhew 
from Hydroſtatic Principles, that it is always proportio- 
nal to the Altitude of the Water above the Centre of 
the Hole through which it paſſes, And ſince we 
know by Experiment that a cubic Foot of Water weighs 
very nicely 1000 Ounces Averdupazs, or 62,5 Ib.; if we 
find the Area of the Aperture in Feet and Parts, and 
multiply that by the Number of Feet the Water has 
above the Centre, and laſtly, you multiply that Pro- 
duct by 62,5 1b. this laſt Product will be the Force of 
the Water expreſs'd in Pounds. Averdupois. | 

3. For Example; ſuppoſe the Width of the Sluice 
12 Inches, or 1 Foot, and that it is drawn up to the 
Height of three Inches, or 0,25 of a Foot, the Area 
of the Aperture will then be 1 X.0,25=0,25; if the 
Height of the Water be 7,5 Feet above the Orifice, 
then 7,5 X 0,25 will be 1,875, which multiplied by 
b2,5 gives 116,1875, or about 116, 2 1b. for the inſtan- 
tancous Preſſure of the Water on any Obſtacle. 


* 


5. To find the Velocity, and conſequently the 


Quantity of Water expended at the Orifice in a given 
Time, we muſt conſider that a Body falls 16, 2 Feet 
in the firſt Second, and acquires a Velocity which in 
an horizontal Direction is at the Rate of 32, 4 Feet per 
decond ; now let S be any other Space and the horizon- 


tal Velocity V; then we ſhall have 16, 2: 8: : 32,4* 
VI; therefore 32,4* S=16,2V, and ſo 2555 WS = 


\ 16,2 
8 
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Height of the a 


7e This, Velocity might 
finding the Time of the 


je p . . 1 4 * 4 * 6 
 MEx:iCabkaN it cis; 


+, thats S v. | Now fines-8 29,7 
ei we the Centre of the e 
therefore „C5 E 2s ger Second, the Velhch 
of the iſſuing Water as required. © OO 
alſo have been found þ 
ind tl. thro” 7,5 Feet; thus 10 
60: : 9,5 : 1* == $666,6, the Square Root of 
Which is 40,8 ; now ſince the Velocity of {pouting 
Water is uniform, there will paſs twice 5. % 2g 
Feet-in 40% 8; and therefore if 40 8 : 15 F. 200 
22 F. and a little more; the ſame as before. 
. If the Velocity be ven, and it be required to 
find the Height of the neceſſary to produce it; 
we have from the foregving Theorem (1/64;88 = v, 
= {s that if the given Velocity be aa Feet jo 


04,8 , # FL 1. 

Second, then V==22, and 8 = _ = 7,5 nearly; the 
s; UG: $0; 

Height of the Water above the Centre of the Aperture 


For the Velocity of Water is the ſame in the Fall thro” 
any Space or Height, and in the Orifice of a Sluice at / 


the ſame Depth belowthe/Surface. att na 
8. The Quantity of Water iſſuing out is / thus deter. 
minied for any given Time; ſince a Column of Water 
= 22 Feet is produced in x Second, we ſhall Hate 60 
X22 = 1320 Feet in 1 Minute, or 158400 Inches; 
and the Area of the _—_— being 12 X 312 36 In- 
ches, we have in that Column 158400 X 36=5702400 
Cubic Inches; which divided by 282, gives 2022 Gal - 
lons, or 3% Hogſheads 6 Gallons, which ſpouts on the 
Wheel in a Minute. | r 
9. If we now ſuppoſe this Column of Water flowi 
into the Buckets bf an Over-ſhot Wheel, which is 16 
Feet in Diameter, and has 
(as is the Caſe of that at 


o'Buckets on its Periphery, 
the Bar-Pool, by the Abbey 


in Nun-Eaton in Warwickſhire, which is reckoned the 
beſt in England) then the Water will act on the Wheel 
by two Forces, vis. of Impulſe and Weight. | 'The 
Impulſe or Stroke; were it made in a Tangent-Diee- 
tion, and perpendicular to the Sides of the Buckets, 
would be equal to 116 55. (by Art. 4.) bs * 
N | 4 runs 
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runs ſome Diſtance in a Trough-befoije t comes 

Wheel, and the Buckets are placed .agt: Right 8 

but nearly at the Angle of 45 L th the 
cumference of the 


ſtrike them very obliquely We: 
we muſt abate more than — of the Mt Wa- 
ter, and may take about 50 W. fa Medium“: 11 


10. The Weight of the Water 5s er or jeſb in a 
the 


twelve or thirteen of theſe Buckets on the Fore- nart of 
the Wheel, but moſt of all on chat Bucket, at the od 
of the horizontal Diameter, beeauſe there no Part of 
Water reſts upon the Perimeter oſ the Wheel or © Sides 
the Bucket, but gravitates mith its whole Weight in a 
r to deff art of the Wheel. 1 that cight 
in that Bucket is, .ma fo t was 
that when the Engine n W el PerfeAtiui, che 
Velocity of the Wheel ought to 5 dn to . of K 
of the Water. (See Annotat. YE - ſince 
the Diameter is 16 Feet, -the Farah will be 
50,3; and the Velocity of Water being g 1320 Peet per 
Second, 5 of that is 440, which, divided by the Cire 
cumference gives $7; Revolutions of the V heel in A 
Minute. The Aperture of the Sluice gives. 2022. Gale 
lons per Minute, which divided by 8, gives 232, 
Gallons, which again divided” by 30, (che Lumber 1 
Buckets) is 7, Gallons for a, Bucket. 

11. Now a Gallon of Water, weighs, 10,4 U. {for 


1728 : 62,5 :: 282 : 10% ).; therefore A 885 1 


787 0b. for the Weight of Water in each 
as Part of this Water runs out of the Mel in e 
lower Quarter of the Wheel, and what remains grav i- 
tates in various Degrees of Obliquity to the an 
the Wheel, as does all the Water in the full uckgts 
move the horizontal one, we mult allow for the total 
Weight about 4.5016. (as will be found near the Truth 
by Calculation) to which if we add the 5016. for Im- 
pulſe, the whole Force of the Wen on the 1 
will be 500 4b. 

12. If the Cog- Wheel be 375 3 F eet Radi, 0 
Feet Diameter (as in the Mill above mentioned) ce 
W 7 : 16 :: 500 16. 11434. = the Force of the Cogs 
to turn the W allower or Trundle, which Force is ap- 
plied to overcome the Reſiſtance ariſing. from the 


Vor, I. P | Weight 
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Weight of the Stone, the Friction of the Geer in gene- 
ral, and the great Friction of the Stones and Corn in 
grinding. | 1295 

13. Suppoſe the Diameter of the Trundle 1, 5 Foot, 
or 18 Inches, and that of the upper Stone 6 Feet; then 
as 6: 15 :: 1143 : 285,7 4b. =the Force at the Periphe. 
ry of the Stone. If there be 48 Cogs in the Cog-Wheel, 


and nine Rounds in the Trundle, then = = E 


the Turns or Reyolutions of the Trundle for one of the 
Water-Wheel; wherefore ſince the Wheel makes 8, 
in a Minute, the Trundle, and of courſe the Stone, 
will make (8,7 X 5,33=) 465 Turns in a Minute. The 
Circumference of the Stone is 18,84 Feet; whence 
18, 84 46, 5 8 876 Feet per Minute, for the Velocity 
of the Stone's Periphery. | 

14. Suppoſe the Stone contain 22,5 Cubic Feet, or 
its Weight 1912 /b. then the mean Velocity of the Stone 
being that Point of the Radius 4 of its Length, conſe- 
quently 5 of the Velocity 876 at the Periphery, viz. 584, 
will be the mean Velocity of the Stone, which multi- 
plied by 1912, viz. 1912X 584=1116608 1b, would be 
the Expreſſion of the Momentum of the Stone per Minute, 
were it to preſs upon the Corn with its whole Weight, 
which it does not; for nearly the whole Weight being 
ſupported by the Pivot of its perpendicular Spindle, a ve- 

ſmall Part thereof is concerned in the Triture of the 
Gaeks for that is principally effected by the violent Ro- 
tation of the Stone producing a Centrifugal Force, 

15. This circular Motion of the Stone brings the 
Corn out of the Hopper by Jerks, and cauſes it to re- 
cede from the Centre to the Circumference in a ſpecial 
Manner; the Corn, while whole, . cauſing the Stone 
to riſe a little higher above the fixed Stone than it would 
otherwiſe do, begins to be cruſhed by the Weight of 
the Stone gently preſſing upon it, and the more fo, as 
it approaches the Circumference, where being quite re- 
duced to Flour, it is thrown out of the Mill by the 
Centrifugal Force of the Stone through a Hole for that 
Purpoſe. | 

16. When I ſay, the Stone preſſes gently, and but 
with a very ſmall Part of its Meigbt on the Corn, it is 
implied, 
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implied, that the Piece of Wood which ſupports the 
Stone on the Pivot of its Spindle muſt be ſomewhat ela- 
ſic or ſpringy, in order to admit of an eaſy and ſmall 
Degree of Motion upwards and downwards, as the 
Stone is more or leſs reſiſted by the Grains of Corn, by 
which Means the Surfaces of the two Stones will have 
always a varying Diſtance, and ſo be adapted for Tri- 
turation and Comminution of the Corn in any Degree; 
whereas, if the ſupporting Piece were perfect 

fixed, the Stones muſt always be at an equal Diſtance, 
and the Flour very coarſe, becauſe it can't be affected by 
the upper Stone after the whole Grain has receiv'd its 
firſt Impreſſion, or ſuffered its firſt Comminution. And 
the nicer this Point 4 Support is adjuſted, ſo much the 
more nice and exact will be the Work done by the 
Mill, or ſo much the better will the Flour be that is 
produced thereby. , | 


17. As the Water acts upon an Overſbot-Mill both 


by Impulſe and Weight, ſo does it likewiſe on a Breaſft- 
2 or that where the Water comes upon the Breaſt, 
or- middle Part of the Wheel; and here, though the 
Weight of the Water on the Wheel is not ſo great as 
before, being contained in the Buckets of the lower 
Quarter only, yet the: Impulſe of the Water is much 
reater, the Height of the Water being increaſed near- 
y the Semidiameter of the Great-Wheel, all other 
Things being equal. 5 
18. If the Height of the Water remains the ſame, 
the Aperture of the Pen- ſtock muſt be enlarged to 
nearly twice the Area, that the Force of Water may 


be the ſame ; and in this Caſe there will be twice the 


Expence of Water as before; ſo that as much more 
Water is neceſſary for a Breaſt-Mill than for an Over- 
ſhot one, every Thing elſe being the ſame. ' 


19. Since the Spout of Water is in the Curve of a 


Parabola, the Orifice through which it iſſues ſhould 
not be juſt againſt the Middle of the Wheel, for then, 
if it were very near the Wheel, great Part of the Force 
would be ſpent in ſtriking the Wheel directly againſt 
its Axis, and ſo would make the Motion round more 
difficult ; and if it were not very near the Wheel, the 
Spout would reach only ”= of the lower W 
2 an 
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and none go to thoſe on the Middle, where the Effect 
would be rather greater, Therefore the Orifice of 
the Pen- ſtock ought to be ſituated ſome little Height 
nou the, Middle or Horizontal Diameter of the 
1 ge Som lun At | oe: ; 1:s #Fh 
lug n order that the Water may have the greateſt 
Effect on the Wheel, Dr. | Barker has conſtructed it 
with 24 Ladle-Boards, (inſtead of Buckets) of 18, In- 
ches Square; theſe Ladle-Boards paſs through a qua- 
drantal Channel of the ſame. Dimenſions nearly, or a 
little more than, 18 Inches ſquare, that the Motion ma 
be free. The Water entering on the Top of this Chan- 
nel is kept wholly on the Boards, till it comes to the 
Bottom, where it. goes off without interrupting. the 
Motion of the Wheel. The Contrivance is very .uſe- 
ful, and may be eaſily apprehended by the Scheme, 
B E repreſents the Wheel with its Ladle- 
Boards, C the Axis, F the Jet or ſpouting Water, 
GHI the ſquare Channel or Trough in which the 
Ladle-Boards with the Water deſcend to I, where the 
Water is diſcharged from the W heel. | 
21. In Fig. 2. you have a Section of the Sole or Pe- 
rimeter of the Wheel, and the Channel with the Ladle- 


Boards in it; thus a bc dis the Sole of the Wheel, bi 


is the Section of the Channel open on the Part next the 
W heel by a narrow Slit, in which e is the Part called. 
the Tongue, which projects from the Sole to fill up that 
Slit, - that the Water may not run through it; Im 
is one of the Ladle-Boards put on upon the Supporter 
p, which goes through the Tongue and Sole of the, 
Wheel, with a Hole behind at 9, through which a 
Key or Wedge, like a Piece of Wood, being driven, 
faſtens it with the Board to the Wheel. Thus you ſee by 
this Means how great the Force of the Water muſt be 
on the Wheel, and how much leſs will ſuffice here than 
in the common Way. Fg: 
22. As to an Underſhot-Iheel, it is evident there can 
be only the Force of the Impulſe from the Water on 
ſuch a Wheel ; ang therefore the Height of Water re-. 
maining the ſame, there muſt be a larger Aperture of, 
the Pen- ſtock, that ſo a greater Quantity of Water 
may come upon the Float-Boards im the ſame Time, 
to 


to have an equal Momentum, or to produce the ſame 
Effect as in the Oberſt or Brea Mel. "Whence a 
greater Expence of Water will be made here, than in 

any other Sort of Mill, and can only be ſupplied for a 
Conſtancy by a River; and where there is not a Want 
of Water, this is the eaſieſt, cheapeſt, and moſt ſimple 
Deere, ! HIS 

23. In this Caſe, the Float-Boards are to be placed 
perpendicular to the Sole or Periphery of the Wheel, 
becauſe when they come into a vertical Poſition at the 
Bottom or loweſt Part of the Wheel, they will then re- 
ceive the horizontal Impetus of the Water directly, and 
therefore with the greateſt Force, If the Water-Courle 
be ſufficient to cover the Float-Boards, that is enough; 
all that is more, runs, waſte, either hy the Sides dt 


under the Floats, or both. 


24. Let XYZ be an Underſhot-Wheel, atid HC the 
Water coming upon it in the Dire&ion HC, Now if 
there were ſo few Float-Boards, that when one, as 
DE, became vertical, the next on each Side IK, LM, 
ſhould but juſt touch the Surface of the current Water 
then would the Water ftrike the ſaid Float-Board DE 
with all its Force, But when the two Floats K and E 
come into the Situation C and G, then will the Water 
ſtrike but a Part of the Float C, viz. BC, and that too 
obliquely, which is to be eſtimated by A C, the Sine of 
the Angle of Incidence; and ſince we ſuppoſe the 
Section of the Water equal to the Arca of a Float- 
Board, it is plain the Float C will intercept the Water 
from the Float G, fo that none can ftrike it; and there- 
fore the Force of Water will be every where leſs than- 
upon the Float-Board in the Site DE. So that the 
Force upon the Wheel will always be fluctuating be- 
tween AC and DE, which will be the two Extremes. 

25. If the Float-Boards are ſo many, that while one 
is vertical as NE, others on each $.de, as C and G, 
are alſo partly in the Water-Way ; then in this Caſe it 
is beſt to have the Stream of Water larger than the 
Floats, that ſome may run beſide, and fill up the Space 
between, that ſo the Floats C, E, G, may all be im- 
pell'd at once; for the Back-Water, here, having a 
greater Velocity than that of the Wheel, will {till keep 
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| the Float G forward; and though it be an oblique 


Force, it will always avail ſomething ſo long as it 
touches the Float ;- and cannot be eſteemed a Negative 
Quantity, as ſome have aſſerted,  *' e 

26. Since many may be curious to know how the 
Force of Impulſe and Gravity of the Water in the Buc. 
kets of an Over/hot-Whee! is to be computed or eſtimated 
to a Mathematical Exactneſs, I ſhall here give the 


Method, and illuſtrate it by a Scheme. Let ABC, G. 


be the Buckets of an Overſhot-Wheel, (having twen- 

n, in all) inclined to the Periphery in an Angle of 
orty- five Degrees: Thoſe with Dots or Points 

ſent the Buckets with the different Quantities of Water 
they contain, among which the largeſt Dots in the 
Middle repreſent the ä of Gravity of the ſeveral 


Bodies of Water. Now ſuppoſe the Water comes upon 


the uppermoſt Bucket A in the horizontal Direction 
XA, though by its Curvature at entering the Bucket 
it cannot ſtrike the Side of the Bucket directly, yet, 
ſince the Side of the Bucket obſtructs and ſuſtains the 
ſaid whole horizontal percuſſive Force, and that under 
an Inclination of forty-five Degrees, we may conclude 
that half that percuſſive Force is ſpent in turning about 
the W heel. | 

27. As to the Force ariſing from every deſcending 
Bucket of Water, it may. be eaſily determined by find- 
ing the Bulk of the Water in each Bucket, and multi- 
plying that in the perpendicular Diſtance of the Line 
of Direction of the Centre of Gravity from the Centre 
of Motion, Henre, with reſpect to the firſt Bucket 
A, fince its Centre of Gravity acts in the Direction 
VN, that is, perpendicularly on the Centre of Motion, 


that Product, or the Weight of that Bucket of Water, 


will avail nothing to move the Wheel round, as being 


wholly ſupported on the Axis of Motion, 


28. But the Water in the ſecond Bucket B gravitat- 
ingen the Direction RO, at the perpendicular Diſtance 
N (+ trom the Centre, if we multiply its Maſs or 
Weight 'ato the Diſtance NO, we fall have its M. 
mentum or Force to move the Wheel; and ſo of any 
other, Here we may obſerve, that as the Water in the 
Buckets decreates, the Diſtances increaſe from the 
Centre, in the upper deſcending Quadrant ; and = 

| 6 
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the Diſtances increaſe much faſter than the Quantities 
decreaſe, the Forces will increaſe till we come. to the: 
horizontal Bucket F, which is half full, of Water ; 
from thence it decreaſes to the Bucket I, where all the 
Water runs out, as being parallel with che Horizon, or 
Diameter K M. And hence we ſee four Buckets on 


the lower deſcending Quadrant carr 88 Water, when 
they are inclined to an Angle of 45 


29. I ſhall here fabloin a a Specimen 2 the Computa- 


tion, ſuppoſing the Wheel and Buckets ſuch as in the 
Scheme, and the Quantitics of Water, and Diſtances 


of their Centres of ravity, the ſame as in the Table 1 


below. 

Maʒ⸗ater in te Cr from Momenta . 
the Bucket. . N. each Bucket. 
A = 1,00 = 0,00 
EB = 0a: . * 74 = 0,37 
C = 0,8 X NP = 6,6 = 0,48 
D = 0,7 X NQ = o85 = 0,595 
E =: 0,0... X NL S 0,954 = 0,57. 
F = 0,5 X NM = 1,00 = 0,5 
G = 0,4 X NM = 1,00 = 0,4 
H= GA X NE = 0,54 = 0,10 


—— — 


The Total of all the Buckets = 3,005 
That is, the Momentum of Water in all the Buckets is 
equal to the Momentum of three Times the Water con- 
tained in the Bucket A, and hanging at the End of the 
horizontal Diameter K M. 
30. I ſhall conclude this Theory of IW-ater-Mi lls, 
with a Deſcription of Dr. Barker's new-invented Mill, 


of the moſt ſimple Structure of any yet made, perform=. 


ing its Effect without any Wheel, Trundle, Cog, or 
Round ; the Nature of the Machine, and Manner of 
its Operation, will be eaſy to underſtand from the fol- 
lowing Account of its ſeveral Parts. 

31. ABCD is an upright Frame ſtanding on à pro- 
per Baſe; EF is the wider Part of GH an upright hol- 
low Pi pe or Tube, fixed at the Bottom to an horizontal 
Square Trunk IK; which Trunk, together with the 
Tube, is fixed to an upright Spindle or Axis RS, by 

means of a Nut and Screw at 8. The lower End of 
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SSD which is proportiojnal to the Altitäde, 1 
elght of the Tube; the Lat is of a Mechaniedl'N#s 
8 for the Trunk i is in this.reſpeR exactly of the Nay 


ture of the Lever. ot 

234. In the Lecture of, Hydroſtatics it will bu 

Fc elocity of the N Fluid will be 
Shar Rent of the Altitude of the Fluid whence thi 

art of the Force, will: be 1 the Subduplicate. Rc io of 
Kitight, , the Tube. The. Quantity of the, ſpouting 
Fluid wall be alſo in; the ſame Ratio, while the Aper- 
tufeg are the ſame 3 but if theſe vary their Magnitude, 
it will be directly as the Aperture, the Altitudes, fo 
eco T We the ww n 0 
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35 That is, if 11 == the be the Fluid, A 
Sum of both the 07 a * Diſtance of 
from the N s 155 have, the, Mee 
expreſſed by M "Henee 
Trunk IK is [=HXA 0 0 e great Whee | of, a com- 
mon Water-Mill, — Fe 15 in the ſame Manner 
computed from the Height of the Fluid H, th the Aperture 
of the Sluice A, and ba Diſtance or Radius of the 
Wheel D. $ iy 36 Je 

36. For both in the won on Will Pele, if the 
Aperture A and; Diſtance, from the, UN the 
ſame, the Foree of the Jet will vary wi 7 
if the Fluid H. Alſo if the Height of the Flu 
Length of the Trunk or Diameter of the Wheel, D, re- 


main the ſame, the Force will be as. the A pertura A, or 


as the Quantity of the Fluid in 1 55 2 in a given 
Time. Laſtly. if the Height of 7 nid H, 12 the 
Aperture A continue the ſame, the Force will be as 
the Diameter D oi the When or. Length of the; Trgak 
of this new Mill. * 

37. J ſhall now give, 4 ee of the . of 
this Machine; and in the firſt Place, let Ry eth 
Height of the Tube to be Feet, 7 ya yo. of 
Water; the Velocity of the pouting Water. ae 


ſame that a Body will —.— ſin | 
an uniform Velocity of 18. Feet in af N 22 


which Time is thus found, as 16: 9: 15; 2 = 
Squzre of the Time, whoſe Square Root 10 5 char! i”, 
a Second, Therefore ſay, as 2 2 1822 1 : 24; the 
LA rhe Veocity'is s at the Rate of 2 24 Feet per Second, 
in the Spouting ater; from g Feer/ Altitude. 
by + Let the Aperture At ea&H End oft the Trunk be 
6 Inches 8 quare, then in both there will be 52 ſquare 


Inches, or half a ſquate Febt in Area. The Water If. 
ſuing out in a Second at both Orifices will be equal to 
a Column 24 Feet long, ind Y a Square Foot in Baſe ; 


therefore the whole will be equal to 12 Cu- 
2 ic 
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bic Feet. The Weight of one Cubic Foot is 625 lb.; 
wherefore 62 * Xx 12=750 Ib. is the Force acting on 
the Trunk, ſuppoſing the Depth of Water only one 
Foot; but ſince it is at the Depth of 9 Feet, we have 
9X750=6750-1b. acting upon the extreme Parts of 
the "I'runk per Second, Roots uh 17 . 
309. Let us now ſuppoſe the Length of the Trunk t6 
be 6 Feet; then the Motion is made by a Power of 
6750 1b. acting at the End of a Lever three Feet lo 
conſequently 67 50 X 3 20250 1b. the Momentum of 
Wheel per Second. 7 5 1 
40. Now the Velocity of the Trunk at the Orifices 
will be the ſame as that of the Water nearly, while the 
Mill is not charged ; but that of the Water is 24 Feet 
per Second, and the Circumference which each Orifice 
deſcribes in 18,84, or 19 Feet nearly; therefore the 
Trunk turns round a little more than once per Second, 
But when the Mill. is charged with the Stone, Corn, 
Sc. the Velocity will not then be 6 great; and ve 
have ſhewn ( Annot. XL. 6.) that it ought not to be- 
bove + Part of that of the Water, viz. at the Rate of 
8 Feet per Second; but let us ſuppoſe it a little mort, 
viz. 9 Feet, then will the Trunk move round 'onee 


in two Seconds. ; 


41. If we ſuppoſe the Stone 6 Feet in Diameter, its ny 
Velocity in the Periphery will be the ſame with that of be 
the Trunk; viz. 9 4 Feet per Second; but 3 of this is tic 
the mean Velocity of the Stone, which is therefore but th 
67 Feet per Second. Suppoſe the Weight of the Stone he 
1912 16. and that 3 of this be allowed for Friction, viz. th 
637 lb. then 6,3 Xx 637=4015 Ib. the Moment of the B 
Stone by its Reſiſtance ariſing from +4 of its Weight; ſt: 
but this is only when the Stone is firſt put into Motion; th 
after it is in Motion, this Momentum is greatly leſlen'd ti 
by the Centrifugal Forces ; and therefore if we allow 
4000 1b, for the Momentum ariſing from the Weight of Q 
the Stone, Attrition of the Corn, &c. it will be but; m 
Part of the Momentum of the Trunk or Mill, which we tl 
ſhewed was 20250 (bl. tl 

42. Here we have ſuppoſed the Mill to carry the lar- e 
geſt Stone that is uſed in any Mill, and that the Power I 
of the Mill is five Times greater than the * n 
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Is WIND-MILLS che Mechaniſm is 
the ſame, only the Vanes or Sails are to 
be conſidered as a Wheel on the Ale, actu- 
ated by the Power of the Wind. In this 
Machine we have only to conſider the Po- 


ſition of the Sails, and the Power of the 


Wind. As to the former, if the Sails 
ſtand right before the Wind, it cannot af- 
fect them at all; if they ſtand direct to the 

2 Wind, 


be overcome; the Quantity of Water therefore in the 
Jets may be diminiſh'd a Fiſth Part, and conſequently 
the Apertures; which therefore, inſtead of being 72 
Square Inches, need be only 15 or 16. If therefore at 
each End of the Trunk there be an Aperture of four 
Inches long and two wide, the Jets from the Altitude 
of nine Feet, at three Feet from the Axis, will have a 
Momentum ſufficient for turning the largeſt Stones. 

43. I ſhall only obſerve further, that there are ma- 
ny mechanical Purpoſes to which this Invention might 
be made ſubſervient, as it has ſo great a Power of Mo- 
tion in ſo eaſy and ſimple a Structure: And alſo, that 
the Water-Wheel of a common Mill, if placed in a 
horizontal Situation, and the Sluice ſo ordered as to 
throw a Side- Jet in a Tangent- Direction on the Ladle- 
Boards, ſuch a Wheel would be in the ſame Circum- 
ſtances nearly as the Trunk of this New Mill, and 
therefore might be made to anſwer all the ſame Inten- 
tions, and capable of nearly all the ſame Advantages. 


44. I need not obſerve to the Reader, that whatever 


Quantity of Water is expended at the Jets, as that 
muſt be ſupplied at the Top or Ciſtern of the Tube, ſo 
the Stream which ſupplies it muſt be as much longer than 


the Jets, as its Velocity is leſs; becauſe what is defici- 


ent in one Reſpect muſt be made up in the other. There 
are ſeveral other Circumſtances and Particulars, which 
may deſerve to be conſider'd, when it ſhall be found 
to anſwer any valuable End, beyond that of mere Spe- 
culation, 
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Wind, the Mill will be blown down,' a 


leaſt the Sails can have no Power to move 


— they muſt therefore be 'Plated 
to ed Nor „ "and that” under an 


120 Je ö 4154 3 egrees, and 44 Minutes 
fovithoogreitelt \Advaniage '{ Lv. d 


-en 10 9116 20 26 r 21 
lige ad Yo nit N 1 109191051 1791 40 $09) 

»(XLVT): The internal Purts of a nns the 
ane witch thoſe of a Water-Mill nearly, of which! 
all take no farther Notice, but ſhall conſine m 
to tho Fheory of * Sails in regati of their Podition, 
Motion, and Figu | bien 

1. In regard of the Poſitim of the Sails, we mut 
confiden that if they are placed Diret? to tbe M or 
at Right Angles to the Axis of the Mill, they willre- 
ccive the whole Force of the Wind, which | in th 


Caſe will tend to blow them forward, and conſequenti 


to blow down the Min ;) which Poſition of Courſe can · 
not be admitted. 3113012 Y e en eee 
2. If the Sails ave ſet Right 10 the Wind, or parallel 
with the Axis of the Mill, tis plain that in that ho- 
ſition, the Wind cannot act upon them at all, and there. 
fore they cannot be turn'd round, nor the Mill put into 
Motion; 1 ee e hs Sails muſt likewiſe be 
rejected. 1 1 
. Cince-neithee the Direct nor Right Po tion of the 
Sails will do, an Obligue Poſition muſt, as there can be 
no other. Now to ſhew that an Oblique Poſition of 
the Sails will turn the Mill, let AB be the Axis; CD 
a Sail, and its Angle of Obliquity (via. that which it 
makes with the Axis) be E OG; then if G C be the 
Force of the Wind in the Direct Pofition of the Sal 


GE will be the Force of the Wind in its oblique Poli- 


tion (as being the Sine of the Angle of IncidenceGCE). 


But the Force GE is reſolvable into two others; EH 


and GFE; of which the latter, being parallel 10 the 
Axis; avails nothing in turning the Sails about it j but 
the e EF, * ge ee thereto, is "= 


„Nie 


0 DER Fry | 


AA HAM 
MIC HA NIC. 
petit the Lan Ii e aba Aab 
de Thing 90 de Rewe. 9V 611 165 2116 9113 1169 
4. The Force of che Mind vb $aj{yill pe nabe 
Square of, the Fire Fence er 3 83; the 
Force of each ſingle Particle o wil oe ey the Sin 
GE, (by An. RXV. b. Nad bt Wil be UG We 
Number of Particles which firike it fat ib nme Dime, 
which Number of Particles is alſo as the Sine of Inci- 
dence GE. For let CD repreſent the Section of the Sail 
in a direct Poſition,” and» OG the ſame id dd obifque 
Poſition, tis plain the Numbet/of Partitles —_— 
in the former Caſe will be. toi thꝭ Number ſtrikihꝑ id int 
the latter as CD to CF, which is equal co GE the Sine 
of Incidence; for all the Particles between AD and 
BF will not come upon the Sall in the oblique Poſi- 
tion CG. Since then the Force uf the Wind on the Saif” 
is on two Accounts as GE, it Will ber as the Square of 
the ſaid Line EE. low hs me 
If ve ſuppoſe the Velocity of the Wind te | 

Ge. orce thereof will be as! whe Sales of — 
ty; for the greater the Velocity, the greater wilf be: 
the Stroke of each ſingle Particle} and alf6 the greater 
will be the Number of; Particleb coming «pon the Sal 
in the ſame Time; the Feace will be therefore as the 
Squares of the Velocitynnon bine 5 nns Me 910) 

b. Again, if the Area of the dall be värtable, the 
Force of the Wind will be directly as the Area or Su- 
perficies of the Sail, becauſe the Number of Particles of 
the Air coming upon it will al Ways be proportional theres 
to, and conſequently the Force wit hi they ſtrike 
it. Hence, if A, 8, and Vrepreſtnt the Hreu, Sint 
of Incidence, and Velocity oi tie Wind on one Sail, n 
a, „ v, thoſe on another the! Force compelling che 
farmer to turn round will belto that compeolling the at- 
ter, a8 ANS V. to . f t od ee 32 

7. When the Area of the Sail and its Pofnion in red 
ſpect of the Wind continue: the ſame, the Force which! 
turns the Sail will be as, the :Sqnanertf the Velocity ard 
lince the Wind ſcarce ever blow with one uniſorm Vec/ 
locity, but varies with almoſt euery Blaſt} the Fo. ˖ꝙ 
upon the Sail will be much more variable and unequal ; 
and therefore the Action or Working of a Wind-Mill 

cannot 
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cannot be ſo equal, uniform, and ſteady as chat of 1 
Water-Mill, whoſe Power is always. of cf the ame Toms 
while the Jet of Water is fo, 
8. If the Area of the Sail and che Velocity of the 
Wind be ſuppoſed, conſtant, the Force of the Wind in 


the Direct Poſition will be to that in the Oblique one 


is GC to UE, as we have before ſhewn ; and it has 


| been alſo ſhewn "that that Part of the Force which turns 


the Sail is repreſented by EF, when GE is che Whole 


Force: ButGE : EF (:: GC: CE) : GE. N — 
= to the Force which turns the Sail, when N I whole 
Force is repreſented by GE?, as is here the proper Ex- 


preſſion of it. | 
9. This Expreſſion 9 begins . Notting 


| when the Angle of Incidence begins to be oblique, and 


increaſes with the Qbliquity of the ſaid Angle to a cer- 
tain Number of Degrees; becauſe that Part of the 
Force which is — 4 to the Axis becomes leſſer in 
proportion to that which is perpendicular to it; but a- 
ter it has paſs'd this Limit, it again decreaſes, and be- 
comes nothing, when the Angle of Incidence vaniſhes; 
as is eaſy to underſtand by conſidering that the Quanti- 
ty of Wind on the Sail does in this Caſe contin * 
creaſe. 

10. There is therefore one certain Poſition of the 


Sail, in which the Force of the Wind is greateſt of all 


upon it, or a Maximum; and to' find it, put Radius 
GC=a, EC=x, and we have GE* = ag — xx, and 


conſequently the Force CEXGE = — — which 
GC a 


muſt be a Maximum Therefore. its Fluxion 4. 
Zxxæx = O; whence aa = 3 x#, and 0 . 


2 O—O 21 
which in Logarithms is — .. 


99761439, which is the Logarithm Sine of the Hl 


; 355 10 Angle CGE ; and therefore the Angle EC 


is 


F 


M xz cn:anics, 


i equal to 54% 44, when the Force of the Wind is a 


Maximum, as required. | 
in. The Angle now found, js only that which gives 


the Wind the greateſt Force to put the Sail in Motion, 
but not the Angle which gives the Force of the Wind a 
Maximum upon the Sail When in Motion- What this 


Angle is Mr. Mac Laurin has ſhewn in his Book of 


Fluxions, and which Ihave further explained in a Trea- 


tie, intitled, New Principles of GEOGRAPHY and NA- 


VIGATION, | g j | : t 

12. Mr. Parent has alſo ſhewn that an Elliptic Form 
of the Sails is better than the Parallelogram or long 
Square; and that the beſt Poſition of the Sail is not that 
which is common, viz. with its longeſt Side or Dia- 
meter parallel to the Axis of the Sail; but on the con- 
trary, it ought to be perpendicular to it; that is, they 
ought to be of ſuch a Form, and placed in ſuch a Man- 
ner, as repreſented in the Figure; and after the four 
Sails B, C, D, E, are thus placed in the Axis or Arm 
A, they are then to be turn'd about, and fix'd under the 
proper Angle of Obliquity above- mention cd. 

13. There are three Things yet wanting to the Per- 
fection of a Wind-Mill. The Fir/t is, ſome Contri- 
vance in the Nature of a Fly to regulate the Motion of 
the Train, under the irregular — unequal Impulſe of 
the Wind. The Second is, ſome other Contrivance to 
ſupply the Hopper or Stones with more or leſs Corn, in 
Proportion to the greater or leſs Strength of the Wind. 
And, Thirdly, a Method of altering the Angle of the 
Sail's Obliquity from;zits Maximum of 54 44” at the Be- 


ginning of the Motion to its Maximum when in Mo- 
tion. | 


14. By means of an Anemoſcope (hereafter to be de- 


(cribed) it will he eaſy to prove by Experiment what 
Form of the Sails, that is, whether Rectangular or El- 
liptical, whether the Vertical or Horizontal Poſition of 
the longeſt Diameter, and what Angle of Obliquity is 
beſt; alſo whether the Surface of the Sails ſhould be 
plain or concave, with many other Things of this Kind. 
But this muſt be done by as many particular Anemo- 
ſcopes, or in other Words, you muſt have an Anemo- 


ſcope for every particular Experiment, and all diſpoſed 


together in one common Frame; the Reaſon is evident, 


becauſe 


— — EH —— 


224 
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Fig. 6. 


Fig. 7. 
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it for 

Point C, taken in the Right Line AB, 
EF be deſcribed, the Point C'is-call'd 
Centre, and AE. the Diameter of the Circle: To 
which I ſhall add, that AC, or CE, is call'd the R. 
dius of the Circle, which is the fame Thing as the $+ 
midiamater. 0 

17. If the Circle be divided into four equal Parts, 
AD=DE=EF=FA, by the two Diameters AE, DF; 
then each of the Areas ACD, DCE, ECF, FCA, 
are call'd Duadrants, or s of the circular Space; 
and the Parts of the Circle AD, DE, EF, FA, 
are call'd Duadrantal Arches, or Quarters of the Cirele. 

18. Every Circle, great or ſmall, is ſuppoſed to be di- 
vided into 360 equal Parts, call'd Degrees; conſequent- 
ly each Quarter, AD, DE, &c. will contain go of 
thoſe Degrees, as is evidently repreſented by the large 
Half-Circle of Fig. 7. 

19. If two Lines BC and FC meet in a Point C, 
the Space FCB included between them is call'd an 
Angle; and the Meaſure of that Angle is the Number 
of Degrees contain'd in an Arch EI of a Circle de- 
ſcribed on the Angular Point C, and included between 
the ſaid two Lines BC and FC. Thus the Angle in 
the Figure contains 40 Degrees. 

20, If a Line, as G C, be drawn through the goth 
Degree on the Point C, it will make the Angle on one 
Side GCB equal to the Angle GCA on the other 
Side, becauſe each is equal to go Degrees. Such an 
Angle is called a Right Angle; and the Line GC is 
then ſaid to be perpendicular to the Line A B. 

21. The Angle FCB, which is leſs than a Right 
Angle or go Degrees, is call'd an Acute Angle; and 
the Angle HCB, which is greater than a Right Angle 
or 90 Degrees, is call'd an Obtuſe Angle. * 
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ED A, or 180 — | 
22. If from the 6 21H 
I L to the Line or Rady ned 35 "At 
called the Sint of the 
ſame Manner the Line IM is the Sine of 0 
ment Arc TD, or Ang Bat 


05 we ſay, 
an, is tbe Hy 


DC: That i is, F C is e to 
40 Degrees, and to D Cin mn IE 
Hence t L and 1 Mg eiſeh the e 5 2 


W 
ence, when we yz R 22 — 
is « that F an oblique ong ur R > An to 2 F In- 
dination, we only mean, that ſe Quan ney ate to 
each. other as the Radius J © to the Sitte I L. or, 16. 
acc-rding as the Inclinatioh iA 27 Sores. 
when it is ſaid that the cen re. det Td 
Equator towards tte Poles, ui Proportion; of N 7 f 
Ci-Sines of the Latitude; no more is męant chan Oh 
that if the Radius C E repreſent the fait! Fprce ig 
Equator E, and E I be* 125 given Latitude, chen > 
IM, the Co-Sine of the Eatitude,” . enghond F. giet 
in that Latitude: Or, thè Reg: Vecfeaſes \ with t 
Length of the Line! My” eh the P * mes on from 
Eto D. 2 
24. In ſeveral Books we "IN Tables f 22575 
which expreſs the Length of the dine of 
2nd Minute of the Quadrant, in fuch Ef es 110 
Radius C E or C I Tontafifis tobooo; And fince it 
of the greateſt Uſe to know the Proportion öf Radius 
to the Vine of every Degree; TI have here fubjoined" 
Table thereof, and a Specinierr of its Uſe. * rae 
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= 


34832934893 
3 5233021358385 82935 
4 5975/2 3745067 
918 325 92440685 
oe 24067342 
711218602 12267%4 | 
8139172643837 4469465062 
9 
10 
1] 
12 
13 
14 


155430 45359 47671 65 
173642846947 4671933 64 82. 994 
190809 4848047751 7205 90630ʃ83 
122079100 5000 48:74314/60 91354184 
224953151503 49 78677652555 85 
24192 3252991507 16892718 86 
15/25881,33/54403/51 77714 69,93358|87 
16 2750334 55919152 7880170193 88 
| 17029237 35 57357553 79863 7194531089 
| 18/30901'36 58778154 Bogor 72195105 


25. The Uſe of this Table will be obvious from two 
or three Examples. It was obſerved, that the Power is 
to the Weight it ſuſtains on any Inclined Plane TC, 1 
the Height of the Plane I L to the Length thereof IC; 


that is, as the Sine of the Plane's Inclination to the Radius. 


Suppoſe the Angle of Inclination I CE = go Degrees 
then will the Sine IL be equal to 64278, — the Ra- 
dius CI = to 100000, which Numbers are as 64 to 
100 ; therefore 100 Pounds will be ſuſtained on the In- 
clined Plane by a Power equal to 64 Pounds nearly. 
26; Again; ſince EC = r00000 reprefents the. d- 
trifugal Force under the Equator, then will IM = 9660 
(t e Sine of 50 Degrees, and Co-Sine of 40) be as the 
aid Force in the Latitude of 40 Degrees : Which 
Numbers are as 1000 to 766; and ſuch is the Propor- 
tion of the Forces in thoſe two Places, 4 RI" 
27. In the ſame Manner, if the Radius CD=100000 
expreſs the Force of any direct Stroke, then will the 
Sine IL=b4278 be expreflive of the Force of ani oblique 
Stroke in the Direction FC, every Thing elſe being 
equal, | a . ; 
8 Again; ſince the Force of a direct Stroke is ex- 


preſs'd by CD = 102000, if it were required to find 


the Angle of Obliquity, ſuch that the Force — — 


SZS 3823 S2 


We — — — _ 
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Stroke ſhall be but one fourth Part ſo great, or 25900, 


look in the Table for the Number neareſt to this, and 


will perceive it to lie between 14 and 15 Degrees, 
and _ about x4 Degrees and a Half is the Angle 
* In the laſt Place: It was ſaid, That the Force of 
the Wind on the Sail it proportional to the Squares of the 


Sines of the Angle of Incidence. This may be illuſtrated . 


by Numbers, thus: If the Sail be turned to the ſame 
Wind, firſt under an Angle of 45 Degrees, and then 
under an Angle of go Degrees ; the Sine of the firſt 
Angle is (by the Table) 70710, and of the latter 
$0000, the Squares of which are 3999904 100 and 
2500000000, which Squares are as 50 to 25 or as 2 
to 1; and therefore the Power of the Wind is twice as 
great upon an Angle of 45 Degrees, as upon an Angle 
of 30. | | 
D Becauſe the „ of the Sine of 45 Degrees is 
5000000000, twice that Square will be 10000600000, 
which is equal to the Square of Radius 100000; it is 
evident the Sum of the Squares of the Sines of any two 
Angles above 45 Degrees will be greater than the 


Square of Radius; and therefore the Force of the 


Wind upon two oblique Sails, in that Caſe, will be 
greater than upon one Sail ſet direct before the Wind. 

31. After the ſame manner, the Table of Sines may 
be applied to Calculation in any other Caſe of the like 


Nature, where the Proportion of Radius and Sine of an 
Angle is required to be expreſſed or ſtated in Numbers. 


And fince each Degree is divided into 60 equal Parts or 


Minutes, therefore the Sine of any Number of Degrees 


and Minutes alſo may be eaſily found by the fore- 
going Table, by thoſe who underſtand th 
roportion. 

32. I ſhall only further obſerve here, that as I L is 
the Sine, and L M the Co-ſine, of the Arch I E: ſo if 
on the extreme Point E of the Radius C E we raiſe a 
Perpendicular which ſhall cut the Line C I, continued, 
in F, then is the ſaid Perpendicular E F called the 
TaxGEnT of the Angle I C E, and the Line F C the 


SECANT of the fame Angle. In like manner the Per- - 
pendicular D G is the Tangent of the Angle DCI, and 


Q 2 GC 


| 
| 


e Rule of 
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Pl. XIII. 
Fig. 8. 
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Ix is to be obſeryed, that in order to 
turn a Ship about in the leaſt Time, or 
with the greateſt Celerity - poſſible, the 
Rudder ought to make an Angle with the 
Stern of 54 Degrees, 44 Minutes: And 
alſo, that this is the Angle which the Gates 
of a Lock upon a River ought to make with 
the Sides of the River, in order to reſiſt 
the Water with the greateſt poſſible Force. 
(XLVII). | 


G C the Secant thereof; and therefore D G is the Cz. 
Tangent, and & C the Co-Secant of the Angle I C E. 
I thought it neceſſary to acquaint the Reader with 
theſe Befinitions becauſe they ſometimes occur in 
Treatiſes of this Kind. hes | 

(XLVII) 1. If AB F be the Rudder of a Ship, 
AH placed in the oblique Situation FC, and the Wa- 
ter ſtriking againſt it in the Direction G C; let CE 
be Radius, then the Sine of the Angle of Incidence 
will be F E, and ſo the Force of the Water againft 
the Rudder will be as FE“; but EF is reſolvable into 
the two Forces F D and D E, of which the latter is 
parallel, the other perpendicular to the Direction of 
the Ship's Courſe, and therefore F D is the only Part 
of the Force that compels the Ship to turn round. But 
EF is to FD (:: CE: CF) : EP: Rn 


aax—=x * 
„ and 


that is (putting C E = , CF x) as = 
fo x will be found (by the Method de Maximis & M. 


nimis) equal to 72 ; and therefore the Angle of In- 


cidence EC F = 54 44', as before, when the Force 
of the Water againſt the Rudder to turn the Ship is a 
Maximum. 


I SHALL 


TY” wwe = CO a SD VUD "IV  w# 
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I sHALL conclude this Lecture with a fe 

Words concerning WRHEEL-CARRIA G Es, 
* ; 

the 


2. After a like Manner we determine the Angle of 


Poſition of the Gates AE, BE, of a Lock upon a 
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River, (viz. the Angle BAE = ABE) in which the - 


ſaid Gates ſhall reſiſt the Preſſure of the Water with 
the greateſt Force poſſible. For if upon AB we de- 
ſcribe the Semicircle ADB, and continue A E to D; 
then the Preſſure of the Water againſt the Gate AE 
will increaſe with the Length of the Gate, and the 
Reſiſtance of the Gate will decreaſe as the Preſſure in- 
creaſes, and therefore it will be on this Account in- 


ST 
verſely as the Length of the Gate, or as XT. 


3. Again, the Reſiſtance will be diminiſh'd as the 
Length of the Gate increaſes, inaſmuch as the Strength 
of the Gate will be diminiſh'd in that Proportion, there- 


I 
FF» conſe- 
quently the Reſiſtance of the Gate on both theſe Ac. 


fore it will be on this Account alſo as 


4 I 
counts will be as — 


4. Join BD and E C perpendicular to A B; then we 
have AE*: AC“: : AB. AD; and here, becauſe 
AD* decreaſes as A E* increaſes, we ſhall. have the 


Reſiſtance expreſſed by AD. 

5. But this Reſiſtance is augmented by the Oblique 
Preſſure of the other Gate, which let be repreſented by 
BE; this Oblique Force BE is reſolvable into two 
Forces BD 2nd DE; which latter, as it is parallel to 
the Gate A E, avails nothing, but the other B D being 
at Right Angles thereto, is wholly ſpent in reſiſting 
it; therefore the whole Reſiſtance the Water meets 


with from the Gate AF, is as AD* X BD. 


b. This Expreſſion, therefore, is to be determined 


to a Maximum; in order to which, let AB = a, BD 
=x, and then AD'=aa—xx, and fo KD. X BD 
Q3 a ax 


Pl. XIII. 
Fig. 16. 
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Pl. XIII. 
Fig. 9. 
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the whole Doctrine whereof (as | it ſtands 
on a Mathematical Theory } may 5 re- 


=aa x , whoſe Fluxion 4 g 


gives 1 an. which ſhews the Angle BAE 


350 „ 167, as in the Examples above, 

7. Since we are upon the Subject of Maximuns, I 
ſhall here add Examples of two or three other Caſes of 
the ſame Kind, which it is hoped will be acceptable to 
the Curious, and yet not beſides the Purpoſe of Mecha- 
nical Gentlemen. Let BB be a Piece of Wood placed 
horizontally, and xy by the Pieces A B, "AB, 
which make a given Angle A 5 C with the former; it 
is required to find the Poſitions of two other Pieces 
AC, AC, given in Length, ſuch that they ſhall fup- 
port the Piece B B with the greateſt Force poſſible, 

8. The Pieces AC, are fixed in A and C ſo as not to 
ſlip, they are ſuppoſed to have no conſiderable Weight, 
Then make BH=ZAC, and from the Points A and 
H draw the Lines A G, H K, at right Angles to BB, 
If AC expreſſes the abſolute Strength of the Piece AC, 
then A G will expreſs the Strength with which it ſup- 
ports the Piece BB, as being perpendicular thereto, 
Now A G multiplied by the Aa (or Diſtance) BC 
from the Centre of Motion B, (which expreſſes the 
Momentum or Force of the Piece A C) ought to be a 
Maximum. 


9. To this End, put AC=a, GA = x; alfo HK=n, 


and KB=m; then GC aa—xx, and becauſe of the 
ſimilar Triangles HKB, AGB, we have HK : KB.; 


AG: GB==x, and ſo BC=y/ aa—xx e 


AGxBC=zV aa — xx, whoſe Fluxion made 


n 


= 0, 


A bt wo PO 
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duced to the following Particulars; vis. 
. Wheel-Carriages meet with leſs Re- 


ſiſtance 
10. Therefore r 2 4220 
ad — xx * 


Whence an — 25 — — x V aa—XXx = 0, 


And ſquarin 2 an and 
ach Fart J.. f u. Eee +460 
* 
e 5 ma — A — 4m x* NA. 
4 == o. I 
But it is 4n*+4m*=aa, becauſe BH* = HK* + KB., 
Therefore * a%—4n* a* x*—4m* a* x* + a* x*=9, 
And dividing 
by a? | 
Whence again a1 a*—a* x*þ+x*=0, (becauſe —4n* — 
4m*=—aa) 


nm a* — 4n* n — 4m* Na. 


Hence by 
Tranſpoſition 
A dc le t 1 2 1 30 

= the 80 ue 4 K* Ia , a -- . 
But it is 5 ag*%—a* n*=agm*+a* n*—a* n*=a* N. 
Therefore x*—a* 2 -rf aa*=a* . 

And extracting the 

Square Root. 
Wherefore x*=+ aa & am; and ſo x=,/taatam. 

11, Hence *tisevident if m(= BK) g, in which Caſe 
the Angle ABC is a right one, then x=v Jag, and 
therefore the Angle ACB will then be half a right one, 
or 45 Degrees, 2 

12. Since the two Values of x, viz. V  aa—am and 
Viaa Tam being ſquared, and the Sum of thoſe 
Squares are equal to the Square of the Radius, viz. 
aa am ia ＋mgaa, therefore the two Angles, of 
which x is the Sine, are Complements to each other. 
Thus ſuppoſe the Angle ABC obtuſe, and = 120 De- 
grees, or the Angle ABG = 60 Degrees; then BK = 
n=, and ſo AG=x=v *aa—am=v* aa—;aa= 

Q4 2 45 


eee 


«„ - aag am. 
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Pl. XIII. 
Fig. 10. 
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ſuſtance "thin any other. (2.) The larger 
the / Wheels the eaſier is the Draught of the 


er | Carriage, 
a, therefore the Angle AGB is = 30 Degrees. - But 


if the Piece AC be placed on the other Side AB, then 


. aa Tan Via, and ſo the Angle A CB 


would in that Caſe be = 60 Degrees, and conſequent- 


ly equal to the Angle A B G. | 
13. If the Angle AB C, inſtead. of being obtuſe, 


were acute, and\the Complement to this, we ſhould 


have AGX BC ** Ja — 1 2 = x * 2 Maxi- 


mum, which would, in Fluxions, give the ſame Value 


for x as before, via. Va + am, , which if ſub- 
ſtituted for x in the above Expreſſion, will give 
2ann+ aamF2amm 


2 1 , "where *tis plain if 4 = 
| Cre idly was 20 Sa m—2an 
Viaa am, the greateſt Force will be— — 
but if x =vV/*! aa+ am, then the greateſt Force wi 
2an A m4+2 am : 
be TAL Waal 
{ 2 u 


Side B on which the acute Angle is. 


14. If AG be a Piece of Wood of an indefinit: 
Length, and fixed in A, ſo as to make a given Ang 


G AD with the horizontal Line AD ; let it be required 
to find the Poſition. of another Piece D E, given in 
Length, ſuch that it ſhall 1 75 the Piece A G with 
the greateſt poſſible Force. 
=" a, and from B let fall the Perpendicular C B; then 
fince the Angle A is given, the Ratio of CB to ABis 
iven alſo, which let be as to n; that is, let CB =n, 
ind AB = m; from the Point D draw the Perpendi- 
cular DF (= ) to the Piece AG. Then if D E 
E a) expreſſes the whole Force of the Piece PE preſſ 


But x V = n 


is the Sine of zoo, and x = Viaa+amis the Sine 
of 60® : therefore the Piece BB. is ſupported with the 
greateſt Force by the Piece AC when placed on that 


o this End make AC 


ny 


Mt cnaNnics. 
Carriage. (3.) A Carriage upon four 


large Wheels, of equal Size, is drawn, 


with 


ing perpendicularly, D F will expreſs that with which 
it ſupports A G ; therefore D F multiplied by the Diſ- 


tance from the Fulcrum A, or Lever A E, ought to be 


a Maximum. 


15. Now from the fimilar Triangles ACB, ADF, 
we have CB:BA:;DF:FA==x,aloFE= 
Hau, therefore AE = *+,= x, 
which multiplied by D F , s AEX DFS 


4a — x K + e, whoſe Fluxion made equal to 


nothing will ive x = ad am, as before, If 
the Angle A D E be acute, the Point E will fall be- 


tween F and A, and we ſhall have AE = * — 


i = 7 and AE Xx D F Ler- Ve er 

8 | 
_ fluxed will give the ſame Yalue of x as before 
ound, ; | „„ 
16. In each Caſe, it is plain y V Tag Tan 
| Sine of 60®, muſt be the Maximum, which if ſubſtituted 


in the Expreſſion x / a a — x x + xx, (where the 


Angle ADE is oblique) will give 22 — aam 
. | n 
= Force of D E which ſupports the Piece A G. But 


if Ja ＋ en he put for x in the other Expreſſion = 


#x—V aa—x x, we ſhall have for the ſaid Force 


1 a amm—2aan 
(when the Angle is acute) 2 2 


2n. 
which is leſs than the other Forces; and therefore the 
latter Poſition is leſs advantageous than the former, 
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Plate XI. 
.. 


Mx C NοS. 


with leſs Force than with, two ef | theſ 
Wheels, and two, of a leſſer Size. 44) 
If the Load be laid on the Axle of the 
larger Wheels, it will, be drawn with le 
li 4 „ 010 $199 Oc un vn * ih Force 


17. I cannot conclude (ii Speculation of the Maximg 
and Minima of Quantities, witheut obſerving to the 
Reader, that though the Method of diſcovering them 
by Fluxions is a Part of Knowledge which the Math 
maticians have but lately acquired, and which 
eſteem the Sublimity of human Science, yet this very 
Thing was imparted to the Inſect Tribe at the firſt Cre. 
ation of Things; for by this very Method it is that 
Bees conſtruct the Cells of their Combs in which they 
depoſit their Honey. | -£ 3 $00 

18. Each Cell conſiſts of ſix plain Sides, which are 
all Trapeziums, but equal to each other. The Bottom 
of the Cell is contrived with three Rhombus's HK DI, 
DEFI, and FI H G, fo diſpoſed as to conſtitute 2 


Solid Angle at I, under the three equal Angles D IH, 
DIF, and HI F; each of which is double the Maui- 


mum Angle of 54 —44/=DIK=DEKI. Hence 
it comes to paſs, that a leſs Quantity of Surface isſuf- 
ficient to contain a given Quantity of Honey, than if 
the Bottom had been flat, in the Proportion of 4658 to 
5550, as I have found by Calculation; that is, , 
or ? Part of the Whole, ſo far as the Figure of the Ends 
of the Cells extends in each, which fifth Part of Wax 
and Labour ſaved amounts'to a vaſt deal in the whole 
Structure of the Comb. And if thoſe Creatures kney 


their Advantage, they could not more nicely keep up to 


the Rules of this ſublime Geometry. 165 
19. The laſt Thing among the Maxima, that I ſhall 
mention, is, that if a Chain A BC be ſuſpended by its 
two Ends, it will ſink down in ſuch a Manner, by its 
Gravity, as to form the Curve A B C, called the Cate- 
naria, which if inverted, would exhibit the beſt Form 
for an Arch of any other whatſoever, For the Demon- 
tration of this, we muſt refer the Reader to the Inven- 


tor, Dr. GxEGoRY, in Phileſ. Tranſ. NY 231. 
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nf ̃ ů A «¶ͤmnn SS & © _ 
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Ms cnanyely, 


Force than if laid on the Axis of ehe leſſer 
Wheels; contrary to the common Notion 
of hading Carriages" before. "(52)" The Car- 


rage goes with much leſs Foree n Ny. 


tion-Wheels, than in the common Way; all 


which will be He 850 W. Fare 


(XVIII) (XLIX.), og CTY. KG i id f 

(XLVIIT) The Dy of Wheel-Carriages . AS 
follows : Let A PG E M be a Wheel, ND the hori- 
zontal Plane on which it moves, E F the Height of an 
Obſtacle over which it is to be dran; the Wheel ar- 
riving at the Obſtacle, and touching the Top E, ſtands 
upon the Point G, and preſſes it with its whole Weight. 
Draw OE K, a Tangent to the Wheel in the Poigt E, 
and meeting the vertical Diameter A G produced, in G. 
Draw the Radius E C, and E H — to A G; 
and MC, mr, perpendicular to C E, and conſ equently 
parallel to the Tangent O K. Laſtly, draw the Ra- 
dius C m. 

2. Since the Wheel gravitates in the Direction C 0, 


let CO expreſs its Weight preſſing the Point G; this 


may be reſolved into two others CE and OE; of 
which CE preſſes the Top of the Obſtacle, and is 
wholly ſuſtained by it; the other Weight O E draws 
the Wheel down in a. Direction parallel to the Tangent 


O K. Now let WS C © Weight of the Wheel, RS 


Radius, H EF, the Height of the Obſtacle, and 


x=OE; then ſince OE : CO::HE:CE, we have | 


a: EI: N, A but, from 
the Nature of the Circle, H E A N 
/AHXEF = HAAR HH Fe d 75 


WXYI2RH— HH. n 725 , 


— 


R ) Inf t c 
3. A Force juſt equal to this! Weight; PS and ating 
in Oppoſition to it, that is, drawing the Wheel up- 


wards in the Direction CM 5 ao: to 'E K, will juſt be 
| able 
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able to make the Wheel reſt on the Top of the Obſta- 
cle at E, without ſuffering any Part of its Weight to 


reſt on the horizontal Plane at G | 
4. Now this Force muſt be increaſed if it acts in 
any other Direction but that of C M; for let it draw 


the Wheel in the Direction Cn, between M and E, 


then the Force may be reſolved into two others C r, and 
n, of which C r draws the Wheel directly againſt 
the Top of the Obſtacle E, and ſo is deſtroyed by equal 
Re-action of the Point E; what therefore remains to 
draw it upwards in a Direction parallel to O K, is mr, 
which is fe than Cm or CM; and to be made equal 
thereto, (as it muſt be to ſupport the Wheel on the 
Top of the Obſtacle E) it muſt be increaſed in the Ra- 
tio of CM to r m, which let be as R to 8 (or as R.. 
dius to the Sine of the Angle which the Direction of the 
Force makes with C E). But it is plain, the Force ry m 


cannot be increaſed, but the whole Force C M muſt be 


increaſed in the ſame Proportion; that is, when r be- 


comes X rm, CM will become 8 CM 75 
WIH WIH 
3 Fi 8 2 
5. In order that the Wheels may be drawn over the 
Obſtacle F E, it is neceſſary the Direction of the Force 
ſhould lie between C E CA; for if it were in the 
Direction C E, it could only draw the Wheel upon or 
againſt, but not over the Obſtacle; and if it acted in 
the Direction C A, it would not make it preſs againſt 
the Obſtacle, and conſequently, could never draw it 
over, 


6. Let F = 


8 
ficient to ſuſtain the Wheel on the Top E of the Ob- 
ſtacle, it is evident if W, R, H, continue the ſame, F= 


. X LFE. 


= ; that is, the Force will always be leſs as the Sine of 


the Angle E Cm is greater, till » m CM, when the 
ſaid Force will be leaſt of all. | 
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7 . be given, or always the ſame; the? 
ZR 
72 


plied to draw in the moſt advantageous Direction, viz 
CM, where 8 becomes N to R.) If therefore the 


Radii of four Wheels be „ Ap 35 45 wen vil — aan 


"3 it] 4 


be 1, 2 VI VI, or a8 the Numbers looo, 


* ia 
$66, * 661. From "V7 it is evident how much 
leſs Force | is neceſſary to draw 1 large Wheel over any 
Obſtacle than a leſſer one, a Weight of — 
Wheels are the ſame. 


7. If the Height of the Obftacle H be 88 


ſmall and given, in which Caſe the Tangent OK wi 

coincide with the horizontal Line N D, and the Point 
E with the Point G, ve 8.2 and the Direction of 
the Force be parallel to then becauſe H* is incon- 
ſiderable we reject it, and 155 Expreſſion for the Force 


vill be F LN, 


fore not expreſs'd), And if W 5 7 given, he 


vV2R 
Force will be F =. 8 * = 


* | 
a given Gg ; but 4.5 = 7 ; therefore hee = 


2. ; that is, in caſe of rough une en 8 irfaces the | 


Force to draw the Wheel will be inverſely as the 8 uare 


Root of the Radius or Diameter of the Wheel. Thus 
if three Wheels are in Diameter as 1, 4, 9; the F orce 


to draw them will be as 3, 2, 1. 


8. If H= o, that is, if the horizontal Plane on 


which the Wheel __ be perfectiy ſmooth or plain, 
then the Quantity d — 1971 KH—H = „; whence 


it appears that no 3 is required to me ve an heavy 
y on an hc112 ntal Plane which is perfectly even. 


—x Lots.” (for here we ſuppoſe the Farce. *. | 


(for H is given, and there- 


MY . = WR - becauſe : 2 is 
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9 Tf the Height E. of the Obſtacle be propogt 
to the Radius of the Wheel, that is, if H de as R, and 
the, Forcy, draw in 2 Direction parallel to OK ; they 
becgaſs! LAH E 4 — 1 —RR I 
„n ; M nt te * N 
1, therefore F == W, or the Force will be propurti 
1o-the Weight of the N hell. 8 
10. If the Direòtion of the Force be parallel to the 


horizontal Plane, that is, if Cm be parallel to ND, 


then becauſe the Angle m C E is (in that Caſe) equal 
to the Angle CE H, their Sines will be equal, that i;, 
rm=CH=R—H;z therefore the Expreſſion of the 
Force (Art. 6.) will become F = . 


and if the Height H be given it will be F = 


WXY/2R—1L1 


— 


R—1 J. 


11. From the Expreſſion F 2 v2 .. Z —= 
E SJ 2RH—H>. 
9 1 

ives the following Analogy F: W:: /2 RH HZ. 
That is, The Force is to the Weight as the Sine of the 
Angle EC H (viz. E H) is to the Sine of the' Ml. 
1 E, which the Line of Direction makes with the Line 
12. If the Obſtacle is capable of being depreſs d or 
borne down by the Wheel; the larger the Wheel the 
greater will be the Force to do this; for fince C EN. 
preſents the whole Force with which the Wheel bears 
upon the Obſtacle, and this is reſolvable into. the two 
Parts C H and H E, of which the former CH being 
parallel to E F tends to preſs it down, it will be ex- 
preſs'd by R— H, and Tince H is given, the U 


we have this Equation 


Force will be as N 1, and therefore will in ale 


with R, or the Ra@rus of the Wheel. 
13. If the Gbſtͤcte be ſuch, as that it can neither 
be ſurmounted;nor depreſſed, but muſt be driven for- 


ward, the Forfe to & that will be expreſſed by HE 
| / 2RH- 


„ 5 
b 1 


» Which 


EP enen e. & o& my ty oe ©, Se www Hr a TT 2 ee © 


<Y rg =» 


3 


* 


„F ˙¹.ꝛm WW” CT 00. TS 


5 * yay 
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ViIKH<TF, which, fince H is given, will be as 
VR—1; but WR — vill be greater in Proportion 
toR when R is ſmall than when ſt is greater. Thus 


1 R 22 chen Y R—1=1=4R; but if R 5, 


then /R — 1 = 2, which is leſs than f R; and if 


R 10, then NI = 3, which is leſs than 4 R3 


ſo that in this Reſpect ſmall! Wheels have the Advan- 


tage of large ones. But this Caſe ſeldoth happens. 

14. The principal Advantage of ſmall Wheels is, 
that in them the Line of Traction is not parallel to the 
Horizon as C K, but- inclined thereto” in à certain 
Angle, as C M, making with the Horizon the Angle 
MCK ; now if C M be parallel to the Tangent OK, 
the whole Force will be employed to draw the Wheel 
over the Obſtacle EF; whereas, if the Line of Trag- 
tion were parallel to the Horizon, the Line CK might 
then expreſs the Force, which being reſolved into the 
two Forces C E and K E, ſhews that the Part C Edraws 
the Wheel directly upon the Obſtacle, and is therefore 
loſt by its Re- action; and only the Part K E remains 
to draw the Wheel over the ſaid Oyſtacle; and con- 
ſequently the horizontal Direction is not the beſt, un- 
leſs upon a ſmooth and even Plane, where no Obſtacles 
and Aſcents are to be ſurmounted. a {1 


15. From what we have ſaid, it is evident that a 


ſmall Wheel, whoſe Radius is K E, and the Line of 
Traction parallel to O K, is equivalent to a large 


Wheel whoſe Radius is C K, and the Line of Traction 


parallel to the Horizon ND; but EK: CK :: HB: 
CB::CI:CE; that is, the Radius of the ſmaller 
Wheel is to that of the larger, as the Co- ſine of the 
Angle E C G to Radius, 


16. Though the Force employed be never wholly 
Birection is CN, pa- 
ralle] to the Plane on which the Carriage moves; yet if 


ſpent in drawing, but when the 


it be applied in that oblique Direction C M, where the 
Breaſt of the Horſe is higher than the Axle of the 


Wheel C, in which Caſe only the Part B M is em- 


pioyed in drawing, the other Part C B is not however 


wholly loſt, but is acting contrary to the Gravity of 
the Carriage, and by that Means leſſens ſomewhat of 


the 


Pl. XIII. 
Fig. 12. 


Fig. 13. 


- 


Pl. XIII. 
Fig. 14. 


Fig. 15. 
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the Weight of the Load, by lifting it (as it were) along, 
for in this Caſe the Horſe rot only dratus, but alfo to. 
ries along ( in ſome meaſure) the Load. © 
17. On the contrary, if the Axle of the Wheel be 
higher from the Plane than the Breaſt of the Horſe, that 
is, if the Power be applied in the oblique Direction 
CO, then the Part D O draws the Load along, but 
the Part C D acting perpendicular on G draws the Load 
directly againſt the Plane, and thereby incteaſes the 
Weight 2 Load, or the Difficulty of drawing it; and 
is therefore the worſt Direction in which the Force can 
be any how applied in drawing. Hence it follows, that 
(ceteris paribus) where the Wheels of a Carriage have 
their Radius equal to the Height of the Horſe's Brea, 
or Traces, the Draught will be eaſieſt of all; and 
Wheels, whoſe Radius's are leſs than that, are better 
than thoſe Wheels whoſe Radius's exceed it. 3 
18. A ſmall Wheel B D C will deſcend farther down 
between two Obſtacles D F and C E than a larger 
Wheel AD C, as is evident from the Figure; and 
therefore the Draught is more difficult, and ſuhject to 
greater Shocks or Folts, with the ſmall Wheel, inaſ- 
much as its Axis, and conſequently the Weight of the 


Load, muſt be raiſed to a greater Height in order to | 


get from between them. AT. > 
19. Alſo in ſoft or yielding Ground, a ſmall Wheel 
will ſink deeper than a larger Wheel charged with the 
ſame Weight. Thus ſuppoſe A B C be the Plane of 
the Road, which is ſo ſoft as to permit the ſmall Wheel 
to ſink down to E, then the Weight muſt overcome the 
Reſiſtance of as much Earth as the Wheel in ſinking 
has diſplaced, that is, as much as is equal to the geg 
ment HE D; if now the larger Wheel were to fink 
to the ſame Depth, it muſt overcome the Reſiſtance of 
ſo much Earth as is equal to the Segment AE C, which 
is greater than HE D, which is impoſſible, becauſe the 
ſame Weight can overcome but an equal Reſiſtance in 
either Wheel, therefore the larger Wheel will not fink 
ſo deep as the ſmaller, and fo will be drawn more 
eaſily. 
— Since the Ends of the Axles, and the Holes in 


the Naves of large and ſmall Wheels are equal, wr 


Fl 
E . 


r K „ Y TV Frw= 


6 


- 
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nce, in paſſing N a 
ine, in pa of Road). muſt turn round upon its, Axis 
oftener than a large one 3; it- follows, that there, will, be 
2 greater Quantity of. Friction in the (yall, Wheel 
than in the larger, and that in the ſame Proportion as 
it is leſs, or as its Velocity is greater. Hence on Ac 
count of this, and ſeyeral other like Sus; {mall 
Wheels are much more ſubject to bę qut of R 
to be at Fault, and to be worn quite ont, than larger 
ones. AA Deen 24,1. TD ai $919 

21. Next to the Convenienc W 14. 
that of turning the Carriage in a ſmaller Compaſs, with 
{mall Wheels, than can be done by large ones, has made 
them more neceſſary in Waggons and Coaches, for be- 
cauſe of their Smallneſs they can be brought near to, 
and partly under the Sides of the Carriage; and ſo their 
Axles lying more obliquely, under the Bed of the Car- 
riage; admit it to be turned about with greater Eaſe. 

(XLIX) i., To conclude theſe Mechanical Leo- 
tures, I ſhall give the Reader a ſhort View of the fa- 
mous Controverſy: that has fo long (about 80 Years) 
ſubſiſted between the Engliſh and French, Philoſophers on 
one Side, and the Dutch, | Germans, and ſtalians on the 
other. The Subject was, Whether the Force of Bodies 


in Motion, friting aach other, be proportional to the Sim- 


ple Velocity of the Motion, or to the Square of the Velocity 2 
The Engliſb and French maintain the former; the other 
Gentlemen the. latter; 4 </ 2 e Vs 

2. This Diſpute firſt commenced, between Mr. Huy- 
gens and the Abbot Catalan, about the Force of Oſs 
cillating Bodies; it continued ſome Time between theſe 
two Gentlemen; at laſt, another Subject of the ſame 
Kind engaged the faid Abbot with the famous Leibnitz, 
who is to be eſteemed the firſt, Author, that plainly 
declared, in expreſs Words, That the Forces of Bodies 
were as their Maſſes 5 Ot by the Square of the Velocity. 
Catalan, and afterwards Mr. Papin, anſwered Leibnitz g 
he replied again, and feveral Papers were written on 
the Subject. | Nan! 


3. It then 79 Matter of general Enogis A and 
the Philoſophers of every. Nation began. to — nfider 
which Side to be of, and whether they mould d 


or. I. fot 


along, the ſmall Wheel (to meaſure tlie 


epair, 


eclare f 
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4. In this Controverſy alſo, as in thoſt of Relipi 


proportional to the ſimple Velocity and Maſs.of Matter 


Forces appear, even by the Balance," to be in bes 


* 
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for the old or for the new Opinion. | However, they df 
here, as they doin — 9g e 


berton, Eames, Deſaguliers, Clarke, &c. the Englp. 
*. gion, 


common Tenge 


eonjointly ; we were told it was neceſfary to diſtinguiſ 
the F = of Bodies into two Kinds, viz," the Fi 
or Living Force; and the Vin Mortua, or the Dead 
Force. „ 2:91 » 14 1 Sar ane 
6. By this Vis Vive, or Living Farce, we watt 
apprehend that which reſulted: from the viſible ien uſ 
ane Body upon another, as that of a falling Weight} 
but. the 1 Mortaa 2 — —— 2 ̃ 
of that which was royed by a contrary \ 092 
Weight in one Scale of a Balance is kept from defeend® 
ing by a Counter-Poiſe.ir. the other Sealer 1 But; un. 
luckily for the Author of this Refinement; both: thei 


x: & 53 Mis 
*i 7 5 ot VL 


* 
'S : 8 . w * 


-# -& RP» 
2 7-0 
0 7 97 tr9q 


of. the fimple Halicity into tho Maſs. - 
= I en Hor e Thanks: n? 


1 $3. *: 4 . 


21 * 6 


„ nere „„ aer ase 


OE ON Aa aA a ta ton if. ans ano. cs wane. © 7 


men, ww Aa & xt 


r TITS ee 


e rere ee 
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ance you place 4 W. at the Diſtance of 6 Inches oh 
one Side, and 216. at the Diſtance of 12 Inches on the 
other Side, and if the Balance be put irito Motion, they 
will each of them Have 4 V Five, or an active Force, 
becauſe they will keep the Beam in Motion for ſome 


Time, till, by tnilitating, they murder br kill ench 


other ; and then ſurely enough they becbme Yires Mor- 
tae, or Dead Furs. HH 
8. But let us ſee how they enerted their Power 
while living. © One (A) 'aQed ayainſt the'vther (B, 
with the Gravity of every Partiele in 2 "Maſs of 416. 
ind with the * Sg nr 'Stroke' that 6 Inches 


| Diſtance could give; but ſince ill allo the Weight to 


be as the Maſs of Matter, wvnd\the Velocity às the Diſ- 


| tance from the Centte of Motion, therefore all the 


Force which A exerted was . 4 X'62= 24; In the 

ſame Manner it is ſhewn the whole Force of B afting 
inſt A, was as 2 0 1224 3' thar is} in each. 
afe, the Force was as tlie Velpeity into the Maſt of 

Matter. And becauſe they qual'they' 

eck other.. „d 390150948 07 Shiny 
9. But had thoſe Combatants A and B been armed 


with Forces proportioned to the Squares of the VAD 


cities, that of A would have beef bu * N STI! 
whilſt B would have had a Force vqual to 2 12 * 2 
2884 by which he would have demoliſhed &. at one 
ſingle Stroke, and been the. ſurviving Conquetar? 1 1 

to. Let us now cbnſider theſe two Boes f ane 8 
as dead, and fee what Forces they exert ( Verbo A 
Veni) in that State, In order to this they Mult be 

ng upon the Arms of the Balance, Gnë of each 
ide, till they are dead; 1. e. motioniefs;" but this wil 
not happen till their Diſtandes from the Centre of Mo- 
tion become reciprocally proportional to their Maſſey 6 
Matter; and then it is plain the 'Cafe is the ſumt a Je 
fore; for the dead Foree of & willbè aN 6= 24 22 - 
X12 = dead Force of B. Whereas if theſe Forces Were 
3 the Maſſes into the 8 quarb of the Vebecities; N A 


4 b. and B of 215. ought to die at the Diſtarices, 6 and 


A Jaches from the Centre reſpeQtively ; but if the Ex- 
periment be tried there; ſuch * mptoms of =_ 
X W 
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will be found in A, as manifeſt the Falſity of this Hy- 
potheſis. 8 21 ; Wb 15 3 
11. Being driven from this Subterfuge, they ſeek 
another in a critical Diſtinction between Force;and Pra 
ſure. Preſſure, ſay they, is the Power with which Be- 
dies act by Means of Inſtruments ; thus a Weight in 


one Scale. acts againſt the Weight in another ib Pref. 


ſure ; but the Power by which Bodies act on each 
alone, is properly called Force, as when one Stone ſtrikes 


another by falling on it, or a Hammer ſtrikes an An- 


vil. The former they allow is proportional to the Ve- 
locity and Maſs of Matter conjointly; but the latter, 
they ſay, is as the Maſs multiplied by the Square. of the 
elocity. „ l T 
12. Pat this Eclarciſſement boots them as little as the 
former, if they mean a momentary Impact or Stroke, 
or ſuch whoſe Effect is produced in a Moment of Time. 
For in ſuch a Caſe we ſay, the Stroke is in Proportion 


to the Maſs of Matter, and. alſo to the Degree of Ve- 
- locity, and therefore as both conjointly ; but we deny 


there is any other Source of Power from whence a Bo- 
dy can derive any Force for producing a momentary 


Effect: Nor have any of thoſe Gentlemen been able to 


ſhew there is, though ſome (bewildered in the Laby- 
rinth) have attempted it; but in how weak and ridicu- 
lous a Manner may be ſeen in a Piece intituled De Cmn- 
ſervatione Virium vivarum, &c. And it is worth the 
Reader's while to ſee the jocular Confutation of this 


lydicrous Piece by Phileleutheris Londinenſis. 


13. If they ſay, they would not be underſtood of 
momentaneous Effects, but ſuch as are produced in 
Time, then they have no Antagoniſts. And it is plain 
from their Experiments, that this is their Meaning after 
all, For the Experiments which they ſo much inſiſt 


on, are ſuch as are made by letting Bodies fall on ſoft 


Subſtances, as Clay, Butter, &c. or by the Action of 
Bodies on yielding Springs, or ſpringy Bodies; in all 
which Caſes, the Effect is not produced inſtantaneouſſy, 
but in Time; the Clay takes Time to recede, the 
Spring to bend, c. f 

14. If the Time be taken into Conſideration, then 


evtry Body muſt know that the Effect will be proben 


2 Oe || 


ere 


oer 


— — ᷣ . 


a” TY WW.” 


ts, Wh. 


% 
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tional to 'the Intenſity of the Cauſe, and the Time of 


its Continuance : Thus, for Example, the Effect of 
eons je Bodies left to themſelves cauſes them to 


deſcend ; their Deſcent therefore will be proportionate 
to the Power of Gravity upon them, and therefore 


reater in thoſe which fall freely, than in others which 
deſcend on Inclined Planes in a given Time, where 


Part of the Force of Gravity is deſtroyed by the Re- 
action of the Plane, But ſince the Action of Gravity 


is nat inſtantaneous, but continual, therefore its Effect, 
j. e. the Deſcent of the Body, will be greater in Pro- 
rtion to the Time of its continuing to act on the 


ody, if pry; conſider'd from its intrinſic Force. 


But this Force is as the Velocity produced by it in a 


given Time; alſo the Time is as the Velocity, when 


the Force is given; therefore the Effect, viz. the De- 


ſcent of the Body, is as the Square of the Velocity. 

15. Or in Symbols thus; let E = the Effect pro- 
duced by any Power = P, acting in any Space of Time 
=T, upon any Body = Q, moving with any De- 
gree of Velocity V. Then it is plain, E will be as 
Q= Maſs of Matter in the Body, when P, T, and 


V, are given; alſo the Effect E will be as the Intenſity 


of the Power P, when T, Q, and V are given; again, 
when P, Q, T, are given, E muſt be as V; and laſtly, 


we ſhall have E as T, when P, Q, V, are given. 
Therefore when neither of theſe are 4 ven E: QX PX 


VX T; and in cafe of any different Effect, let 
t 19 XN NXT. 


16. Then ſuppoſing the Bodies equal, viz. © =q, 


we have E: e:: PVT: put. Thus the ſame or two 
equal Bodies, deſcending on two Planes unequally in- 
clined, will deſcend thro Spaces, which will be as the 
different Powers of Gravity P and p, as the different 
Velocities V and v in any Point of Time, and as the 
different Times T and t of their Deſcent, conjointly. 
17. If not only the Bodies & and , but alſo the 
Powers P and 5 which actuate them, be ſuppoſed equal, 
or Pp; then E: e: TV: rv. Thus in equal Bo- 
dies falling freely by Gravity, the Effect, or the Space 
which they deſcribe, ' will be as the Time T and t of 
bie Falls, the Velocities V and v at any Point of Time 
R 3 in 
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in the Fall, e 


abways proportional to the Time, that is, T 


if we multiply each Ratio by the n 
Analogy will Rill be the ſame to:: 
whence E: «:: Vi; 129; any Eitect of falling Vo 


in deſcribing the Space, 1 will be as the — of the 


t 1 
18. If we ſuppoſe the Ag that 2 
rae! Lada as before) we _ by I 
the Forces or Effects of equal Bodi ing * equa 
Tires are proportional to the ook Nabe, 

9. If Vu, or the Velocities ven ; 1 * E: 2: 
＋ 17 Thus if two equal Bodies ly s lying on an horve 


tal Plane receive a Stroke each from of equal 
Force, then will the Velocities be Ä in weary But 


of the Motion, and the Effects E and e, in this Caſe, 
peing the Spaces ann will be as the Times of 
their Motion. 

20. Hence we have ſeen eve ible Caſe wherein 
the Forces of Bodies or their Eife s can be ſuppoſed to 
vary; and it is plain there is none where the Fo rce is 
as the Square of the Velocity but where the Time is 
concerned; or where ſome one of the Factors Q, P, 
V. T, is proportional to the Velocity; thus in ſpout- 
ing Water, becauſe Q, is. 87 s as \ therefore, tho' 
T be given, E will be a Q INTE : for P alſo 
in this Caſe is given, the Power of Gravity which 
gives Motion to the Particles of the Fluid * always 
_— F DEPT | 

21. Nor have any Experiment which ſhews the 
Force or Effects ol Radl —— — to the Squares 
of the Velocities, but where the Time in which the 
Effect is produced ought to be conſidered, Thus in 
their — Experiment of Cavities, formed in ſoſt 
Clay by falling Bodies, it is true, thoſe Cavities are 
the E EA of A. falling Bodies, and proportional to. 
the Squares of the Velocity. But what is this to the 
Purpoſe, unleſs they will 1 thoſe Pits are inſtanta- 
id produced, which I believe npne will pretend to 
22. It is evident, this Cavity muſt be proportional 
to tlie Quantity. of Matter * in Motion in the 97 


by 
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by the falling Body 3-but this is proportional to the Ve- 


locity on two Accounts; the firſt is, that every Particle 
which comes in Contact with the Striking Body, re 
ceiyes a Stroke proportional to the Velocity, therefore 
alſo the Number ol Particles which each of theſe can 
move, will be as the Force of the Stroke, or as the Ve- 


particles, the Number which the falling Body can apply, 
to in a given Timie, will be as the Velocity; conſequent- 
ly the whole Number of Partieles which can be moved, 
both immediately by the Body itſelf, and by the Motion 
communicated to the Particles, will be as the Square of 
the Velocity ; and therefore the Cavity will be in the 
ſame Ratio alſo. _ l n 

23. We hence obſerve, the ſame Method of Reaſon- 
ing may be applied to ſoft and yielding Subſtances, as 
has always been uſed in the Cafe of unelaſtie Fluids; 
and for this Reaſon only, that in every Caſe of yielding 
Particles, the Effect of a Body in Alling them is not 


(cettris paribus) will be as the Velocity; and therefore 
E being as T V, and T, in, all theſe Caſes, being as 
V, it will be univerſally for all ſoft and yielding Sub- 
ſtances E: V*. 5 f „ 8 
24. Hence we may obſerve that as Bodies are more or 
leſs yielding or ſoft, ſo the Effect will be more or leſs 
approaching to the Ratio of the Square of the Velocity. 
This Conſideration is of great Uſe in mechanical Affairs. 
Thus a Hammer with a double Velocity will produce 
much more than a double Effect in driving a Nail; the 
ſame may be ſaid of a Rammer driving a Pile : Hence 
the Reaſon why a ſmall Hammer will by its Velocity do 
more Execution upon red hot Iron, than the large Ham- 
mer by its Momentum. In fort, all theſe Things are 
ſo plain, and eaſy to be underſtood, that it is ſurprizin 
to think how ſuch a Diſpute could ſubſiſt ſo long, an 
occaſion ſo much to be ſaid about it. 
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locity of the falling — Secondly, among yielding 


deftroyed momentaneouſly, but in Time, which Time 


247 


HyDaosTArics, 


Fs 1 


_ 


| 
' 


LECTURE W. 


97 HyDRoSTATICS in general. of the 
PARTICLES of a FLUI D, the Form, Siu, 
&c. The) HVYDROSTATIG Laws | 
FLutDs. Of the Gravity and PRES- 
SURE of FLUIDS, The HYDROSTATIC 
PARADOX demonſtrated, The RaT10- 
| NALE of the SWIMMING and SINKING of 
Bopirs expounded. Of ABSOLUTE, RE- 
LATIVE, and SPECIFIC GRAVITIES of 
Solis and FLU1Ds. The NATURE and 
UsE of the HYDROMETER or WATER» 
PoisE. The NATURE, USE, and NEW 
STRUCTURE of the HYDROSTATIC-Ba, 
LANCE. The ComMoN BALANCE. in- 
proved on HYDROSTATIC PRINCIPLES, 
A largeTaBLE of SPECIFIC GRAVITIES, 
The QUANTITY of PRESSURE hom efti- 
' mated. The CENTRE of PRESSURE cats 
culated. Various HYDROSTATIC PRO- 
BLEMS in GEOMETRY, MECHANICS, 
Pr1LosoPHY, Cc. The USEFULNEss of 
HYDROSTATIC SCIENCE. The THEORY 
at large relating to the MoT10N of Bo: 
DIES 


1 


Dd » - ĩ ++ had - — was I wmos 


! 


HyDRoOsTATIC:, — 

DIES in reſiſting MEDIUMS, as AIR, Wa- 
TER, Ce. a _ N - | RY 
[ I is that Part of 


Philoſophy which treats of the Na- 
ture, Gravity, and Preſſure of Flu- 


ids. Fluid is a Subſtance whoſe Particles 
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yield to the leaſt partial Preſſure, or Force ; | 


infer, that thoſe Particles muſt be exceed- 


ing ſmall, ſmooth, round, and ponderous 
Bodies; and obſerve all the Laws of Mo- 
tion and mutual Action in common with 
thoſe of all other Matter (L). The follow- 
ing are the Laws and Properties of Fluid 


Bodies. 
I. Al 


(L) 1. That the Characters of a Fluid intended in 
this Definition are all of them neceſſary, will appear 
from what follows. The firſt is, that they are exceed- 
ing ſmall ; for that the Smallneſs of the Particles con- 
duces to Fluidity, is evident from hence, that the Points 
of Contact between Spheres are in Proportion to their 
Diameters, and therefore grow leſs with the Spheres, 
though not in the ſame Proportion. And the leſs the 


Points of Contact, the leſs will be the Coheſion, and 


of courſe the greater the Diſpoſition of the Particles ta 

Huidity. ; FF | 
2. To illuſtrate what J haye ſaid, let ABCD be a 
Sphere inſcribed in a Cylinder EFG H; it is demon- 
ſtrated by Geometers, that the Superficies of the Sphere 
is equal to the curved Surface of the Cylinder, and that 
the Superficies of any Segment of the . LD Mis 
equal to the correſpondent Surface IK GH of the Cy- 
linder ; if therefore the Line IK move on till it _ 
A c:dey 
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I. All Fluids are incompreſſible, except Ar; 

or, they cannot" by any Force be cumpręſi d 
I 75 | 2 > N 

cides with HG, the Superficies of the Segment of the 
Sphere LD M-will become the Point of Contact with 
the Plane HG, and that of the Segment of the Cylin- 
der IK GH will become the Periphery of the Baſe of 
the Cylinder; but this Periphery of the Baſe will be as 


the Diameter HG of the Cylinder, which is equal to 


the Diameter of the Sphere AC ; therefore the Point 
of Contact of the Sphere with the Baſe of the Cylinder, 
or the Plane which it touches, will be proportional to 


its Diameter: whence it follows, that the Point of 


Contact between two Spheres will be in Proportion to 
their Diameters. / 
3. The ſecond: Characteriſtic of the Particles of a 
Fluid is, that they are ſmooth ; by this means they be- 
come lubricous, and apt to ſlide or move by each other 
with the greateſt Facility and Freedom; and therefore 
their Diſpoſition to Fluidity is proportionably promoted 
and augmented; for want of this Quality, though the 
Particles of Matter were pofleſs'd of all others men- 
tioned in the Definition, yet would they never conſtitute 
a Fluid, fince nothing is a greater Obſtruction thereto, 
than Aſperity or Roughneſs of the Supetficies. ö 
4. A third Characteriſtic is their Roundneſt or Sphe- 
ricity; for the more ſpherical the Particles, the fewer 
Points they touch each other by, and the leſs the 
Points of Contact are; on both which Accounts the 
Attraction of Coheſion will be diminiſhed, and their 


D Diſpoſition to Fluidity or Volubility will be increaſed, 


5. The fourth Characteriſtic in the Definition of the 
Particles of a Fluid is, that they are ponderous or hraty 
Bedies. By this Property, Fluids do not only gravitate 
in common with all other Sorts of Bodies, but alſo they: 
derive from hence a Power or Force of Preſſure peculiar 
to themſelves ; and by that means act upon Solids'in a 
very different Manner than that in which Solids act 
upon each other, as will be ſhewn farther on. 
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into a keſs Space than what they naturally peſ+ 
felt; as is proved by the Florentine Experi- 
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nent of filling a Globe of Gold with Wa- 


ter, which, when preſg'd with a great Force, 
cauſes the Water to tranſude- or iſſue 


through the Pores pf the maſſy Gold, in 
Me: 


6. The ſurpriſing Subtiltyor Minuteneſs of the Par- 
ticles of Fluids deſerves our farther Speculation and Re- 


Form of Dew, all over its Surface 


mark, So ſmall are they, as to eſcape the Sight aſſiſted 


by the beſt of Glaſſes; that they freely,paſs through 


the Pores of the denſeſt Matter, as Gold, & c. that they 


become inviſible in Vapour; and ſo light as to riſe in 
Air, yea, in Air that is greatly rarified/and attenuated. 
And it is well known, that 

yery ſubtile as to paſs by Ways that Air will not, and 
perhaps is exceeded by nothing in this wondrous Pro- 


perty, but the Particles of Fire and ardent Spirits. 
| (Li) 1. This Experiment muſt be made with 2. 


Globe, for this Reaſon, begauſe a Sphere contains a 
greater Quantity of Matter under the fame Superficies, 
than a Body of any Figure whatſoever. This may be 


made appear in the following Manner; let AB, BC, 


CD, and A be four Lines, of which the three firſt 
are of a given Length, and the fourth variable; and 


let it be required to diſpoſt them in ſuch a manner as 


to comprehend the greateſt Area poſſible. 
2. Let AB and BC make a given Angle ABC; 
then will the triangular Space AC B be given. Upon 


C, with the Radius C D; deſeribe the Semicircle a De, 


then 'tis plain the other Part of the Area, or the Tri- 
angle made by the Lines AC, CD, and AD, will 

greater or leſſer, according ta the Poſition of the Line 
CD; for as 'tis made CD or ed, the variable Line 
will be AD or Ad; and the Triangle form'd will be 


ACD gr AC4, whoſe Area will be = X CD, or 
| 04, 


ater has its Particles ſo 


Pl. XIV, 
ig. 2. 
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II. All Fluid gravitate, o ei gh, in prof 
portion to their Quantity of Matter; and that 


not 885 in the Air, or in Facns, but in 
/ | 2378 | 


c d, * being drawn . to A po 


duced. ) 

3- Now, *tis evident this Triangle will be greateſt, 
when cd is a Maximum, that is, when it hecomes CD: 
and conſequently the Triangle A CD is the i 
poſſible when CD makes a right Angle with. AC; 
and in this Caſe the Point C is in a Semicircle dex: 
fcribed on AD as a Diameter. Therefore, alſo the 
other Angle B, being in a Semicircle deſcribed on the 


ſame Diameter AB, will make the other Part of the 


T rapezium a A ; and ſo the whole Trapezium 
ABCD inſcribed in a Semicircle, will be greater than 
any other, whoſe three Sides AB, BC, CD, are the 


ſame, 


4. Since what hes been demonſtrated of the Trape- | 
zium, is true of any other Polygonal Figures (becauſe 


they may be reſolved into Trapezia) and ſince the Sides 
of a Polygon, when infinitely ſmall, do coincide: with 
the Circle; therefore the Circle js the moſt capacious 
Figure, or contains the greateſt Area under- the ſame; 
Periphery. 

5. For Example; fuppofe a String © were diſpoſed 


into the Form of a Circle; then as 22: 72 G 


= Diameter of the Circle ; the Radius therefore is = 


and ſince the Area of a Circle is equal to the Periphery | 


multiplied into half the Radius, therefore C * 17 = 


8855 5 = Area of the Circle, Again, ſuppoſe the ſame 
Rk pole! in the Fo orm of a Square; the Side would 


be S. md the Area = =; hence the Area of the 


Circle 
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proprio Loco; or, 4 Fluid weighs the ſame 


communicating with a Quantity of that 
Fluid, as in Vacwo;z which all Philoſophers 
(till very lately) have denied (LI). 


{ 5; F- . III. From 
Circle would be to that.of the Squsre 45 Lege to SS 
or as 88 0. „ that is, as 14 to 11. 


6. Now ſince a Sphere may be confidered as made 
up of circular Areas, it plainly follows, that a Sphere 
will contain a greater Quantity of Matter under the 
ſame Surface than any other Solid. Thus a Sphere will 
be found by Calculation to be more than twice as-big 
as a Cube of the ſame Surface; and therefore the Water 
contained in the Globe muſt, when the Figure of the 
Globe was altered, be either compreſſed into a leſs 
Space, or make its Way through the Pores of the 
Globe, as in the Experiment we find it will; which 
therefore evinces-its Imtompreſſibility. 

7. Some Philoſophers are inclined to think that Wa- 
ter is not abſolutely incompreſſible, or that the Par- 
ticles thereof do not touch each other; but are kept at 
a Diſtance by a centrifugal Force ſuperior to any 
Force we can apply in comprefling them. But becauſe 
this is an Hypotheſis that has ſcarce any thing more than 
bare Poſſibility to recommend it, at leaſt nothing is 
offered to render it probable or neceſſary; therefore we 
are not to admit it among the Principles of the New- 
tenien Philoſophy. hy 

(LII) 1. That Fluids gravitate, or —— in 
the ſame Manner with Solids, is evident, becauſe the 
Earth's Attraction, which is the Cauſe of Gravity, 
equally affects the Particles of all Sorts of Matter; and 
therefore excites the ſame Endeavour or Tendency to- 


wards the Centre of the Earth in the Particles of a 


Fluid, as in thoſe of a ſolid Body; and this is what we 
call their Abſolute Gravity. 
2, Now ſince in Fluids of the ſame Kind, as Wa- 


ter, all the Particles are reaſonably ſuppoſed equal — 
ike 
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| Proportional to the Altitude or "3 mY 


fected by Attraction, and 15 have am 


inferred there was no Abſolute 7 of any Parte 
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II. From the Grovity of Flad 
their Preſſure, which is ahways ' proportienal 
thereto; and fince we may ſuppoſe: all whe 
Particles & a Fluid to have equal 
and Weight, the Gravity of the Fluid, and 
conſequently its Preſſure, will be | 


alike in all 0 will * == 


o_ an L Tendency towards the Earth's 
ince they, gravitate equally, if 2 are 
—_— obſtructed in their Deſcent (as by. the Rotte 
Vellels, &c.) they will all retain the ſame Po, 
— — as if they were affected by no 
of Power at all; and thus they are ſaid to be relatiny 
at reſt, or in a State of Quietus nay Gene ad 
Since no one Particle of the Fluid has's 
greater Share of the attracting Power than another, 
one will tend to deſcend before another; and therelane 
among the Particles of the ſame Fluid, there is no ſugh 
Thing as we call Relative or Refadual Gravity, Wi 
—.— but the Exceſs of Gravity, by which on Budy 
tends downwards more than another, as will —_—_ 
explained hereafter (See Annotat, LVIII). 5 
4. Now becauſe Philoſophers found that a Bug 
of Water in Water weighed nothing (that is, that: 
was no Relative Gravity in Water) they very nan 


Particle of Water, — it rema in Water, but 
only became heavy when. taken out, or ſeparated tha 
the reſt, But their Miſtake is eaſily evinced. by» 
following Experiment; let a Bottle or Vial with 85 
in it to make it ſink in Water (when cloſe.corked} 
ung at the End of a nice Balance, and them in 
ins Jar of Water; dane a thus ing in Wann 
counterpoiſed — exactly by Sahts put in 

the Scale at the other End. Then pulling out the | 
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Whence the Weight and Preſſure of Flu- 
ids on the Bottoms of Veſſels, Sc. muſt be 
ual, 

v. The Proflure of Phuids upwards is 
equal to the Preſſure downwards, at any given 
Depth. To illuftrate this, and the forego- 

ing Propoſition, let ABCD be a Veſſel 
of Water, whoſe Altitude E F ſuppoſe to 
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XV. 


Fig. I. 


conſiſt of a Column of ro aqueous Par- 


ticles: Then, tis evident, the firſt or up- 


permoſt Particle 1 can affect the next Par- 
ticle 2 only by its Weight or Preſſure, 
which therefore is as 1; and ſince that 
Particle 2 is immoveable, and Action and 
Re- action equal and contrary, the ſaid 
Particle 2 will re- act upwards upon -the 
Particle 1 with a Force which is as 1. In 
the ſame manner the Particle 2 acts on the 
Particle 3 by Preſſure downwards, with 2 


Degrees | 


the Water will ruſh into the Bottle aud deſtroy the 
Equilibrium, by cauſing the End of the Balance to de- 
ſcend ; which will be « plain: Proof that Water has 
Weight i in Water. 

5. But to carry this Experiment farther; let now 
the Equilibrium be again reſtored, by adding more 
Woghts to thoſe in the Scale: then taking the Bottle 

put of the Water let the Water be poured out, and 
reighed, and the Weight will be found exactly equal 
to that which was added to the Scale to reſtore the 
guilibri Ge mentioned. This ſhews that 172 
and all Fluids 98 i 5 font Tif chef cn Elen 


of it. 
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Part; or; the Particles of a Fluid, at the 
| ame Depth, preſs each other every way, and 
in all Directions equally. For if 'afry Par- 
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Degrees of Porec, ariling from its 2 
Weight and that of the Partiele above it; 


and accordingly it is prefs'd upwards with 
an equal Force by the ReaQtion of the 
Particle 3: And ſo of all the reft. Wbetebre 


the Propoſitions are manifeſt. 


Vz The, Preſſure is upon all Particles f 
the Fluid at tbe ſame Depth equal in every 


ticle were preſs'd more on one Part than 


another; it muſt give way, or yield, till 


the Preſſure became every way equal; 
otherwiſe an inceſſant inteſtine Motion of 


the Particles would enſue; which-is * 


and contrary to Ee E 5 : 
RO 


nt) I. Fhert a are ſeveral Ways to ſhew that thi 
Pfeſſure of Fluids is every Way equal; but the moſt 
ſimple and evident, I think, is by taking a very long 
Glaſs Tube hermetically ſealed at one End; and im 
merſed in a perpendicular Poſition with the open End 
in another tall Tube or Jar of Water; the Air in the 
Tube being compreflible will yield to the Preſſure of 
the Water below, and admit the Water to” riſe in the 
Tube, to Heights which will be always proportional to 
the Altitudes of the Fluid above it; and this will be 
the Caſe when the lower Part of the immerſed Tube is 
bent into a right Angle, that the Water may come 
upon it laterally: and thence it will appear that tht 
Preſſure of Fluids is every Way equal, and proportional 1 
the Altitudes. 
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VI. Fro the mutual Preſſure and equal 
Action of the Particles it follows, that the 
Surface of a Fluid muſt be perfettly ſmooth 


and 


2. This fikewiſe may be ſhewn from mechanical 
Principles, for let the Sphere A be ſupported by two 
others in an horizontal Poſition B and C; join the 
Centres a, ö, g; and draw the Pexpendicular af; let 
ec be a Tangent to the Sphere B in the Point c, where 
the Sphere A touches and preſſes it, 4 the 
Perpendicular af in e; and let as expreſs the Force 
of A downwards ; then ſince ae is reſolvable into two 
Forces ac and ce of which the latter being in the 
Tangent to B, does not at all affect it, and the other 
ac being perpendicular to the Surface; this other Force 
ac is that alone by which the Body A preſſes B. 

3. But ſince ac is an oblique Force, that is, neither 
perpendicular nor lateral, let it be reſolved into the 
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Pl. xlv. 
Fig. 3. 


uo Forces ad and de; of which the former is perpen- 


dicular, and ſo does not affect the Body B in preſſ- 
ng it ſideways; but the other de being in an horizon- 
tal Direction is all the Force with which A preſſes B 
in a lateral Direction; but fince de is parallel to bf, 
we have ac: de ab: fb; and ſince the Particles of 
a Fluid are equal, we have fb ge Sac; therefore 
fb = & ab, and conſequen Y de =+ ac; that is, the 
Firce with which A preſſes 
Force with which it preſſes it direftly. | 

4. And ſince by the third Law of Motion the Preſ- 
ſure of the Sphere 2 upwards is equal to that of A down- 
wards, and ſo the Force upon the Bodies B and C in a 
lateral Direction is the ſame, that is, half the direci 
Force; therefore the whole Force with which the Bod 
B or C is urged laterally by the joint Action of A and 
it equal to the whole Force with which either of them act upon 
them ſingly From what has been ſaid, it appears, that 
the Force with which the Body A or D preſſes the 
Body B or C, is leſs than the Force of Gravity, or 
that by which they act perpendicularly, that is, ac is 
leſs than ae. : 


Vol. I. 8 


laterally is juſt balf the 
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Pl. XIV. 
Fig. 4. 


than the reſt by any Force, as 


HY ROS TAT TCS. 
and even ; fot ſnould any Part ſtand higher 


Attraction, 
Sc. it would immediately ſubſide to a Le- 
vel with the other Part, by the Fotee of in 
own an, when Mie Force is te- 
moved. Its ET 111 } $1138 0 
VII. Tur Figws of the Surface of all 
Fluids is ſpherical or convex ; for all the 
Particles equally gravitating toward) the 
Centre of the Earth, will take their Places 
from it at equal Diſtances. at the Surfatt, 
and fo form a Part of the Superficies of a 
Sphere, equal to the Bulk of the Earth 
(LIV). 


a 180 — 1106 
1 


N 


(LIV) r. Beſides the Reaſon of the Thing, we boo 
by Experiment, that the Surface of large Water, 
thoſe of the Sea ar Ocean, is convex; for à Perſon 
ſtanding on the Shore, and viewing a Ship under Ball, 
directly before him, will loſe)Sight thereof by Degrees, 
the Hull or Body of the Ship firſt diſappearing: then 
the lower Parts of the Maſts, then the Tops of the 
lower Maſts, and ſy, the top of the talleſt Maſt ; as 
repreſented at A, B, C, where the Ship gradually de. 
ſcends below the horizontal Line H O, or Line which 
bounds the Sight, as it proceeds on the convex Surface 
of the Earth from A to C. 

2. The Reaſon why we ſee not this Convexity in the 
Surface in Fluids of ſmall Extent, as in Veſſels, Bagh 
Sc. is becauſe the Supetficies of a Sphere ſo lar 

that of the Earth will fo nearly co-incide with a Pie 
for a certain Space, as not to be diſcernable from it j and 
therefore the Surface of Fluids within that of 
Extent, will appear plain, or nearly ſo; and w that 
Extent of Surface is, as the Reader may be daes 
know, I will ſhew by che W Calculation. 
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VII. sino Floids preſz equally every 
way, the Preſſure of (each Particle againſt 
the Side -of 4 Veſſel win be proportional 
to its Altitude; and eohſequently tlie Pref- 
ſures of the Particles 15 2, 1 . Gr. of a 
perpendicular Column againſt the Sid& BC 
9461 11161 2d Je ein 1G 
n Ot Aae. l 620117] ei DL; 

3. Let A C be the Semidi 171 of the Earth =. 
4000 Miles, or 21120 Feet; (for 5280 make one 
Mile) A E a Patt of the Earth's Surface, A F a Tan- | 
gent thereto at the Point A. Nov it is found by Ex- pf. XIV. 
perience, that nothing is diſtinctly viſible to the Eye Fig. 5. . 
that does not ſubtend an Angle of one Minute at leaſt. 8. 
Let B D then be the leaſt Diſtance between the Con- 
yex Surface A E, and the Tangent Line A F, that is 
diſcernable to the Eye at A; then will D A B, con- 
tained between the Tangent and the Chord A B, be one 
Minute. If now on A B we let fall the Perpendicular 
C G, then in the right-angled Triangle A G C, ve 
have all the Angles given, and the Side & C, to find 
the Side A G. For ſince D A C is a Right Angle; and 
DAB = 1 Minute, the Angle G A C 89˙ 59'z and 
therefore the Angle AC G 1 Minute alſo There- 
fore we ſay, qi e WT At. 


* 
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As Radius 90% ——— — — 10, oooooo 
Is to the Angle ACG 1 Minute — 6, 403726 
So is the Side A C = 21120000 — 7, 324694 
To the Side AG 6144 — 3788420 
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4. But 2 AG = AB = 12288 Feet, which is a 
little more than two Miles and a Quarter; and there- 
fore, unleſs the Surface of Water be more than two 
Miles Extent, it will not appear different from à Plane; 
the Diſtance D B being in any leſs Extent inſenſible. 
Hence a Ship on the Sea will depart about two Miles 
and a Quarter before we ſenſibly loſe Sight of any Part, 
— till then ſhe will ſeem to be failing on a 

ane. | 


8 3 


NS KN od SE oO 


pc 0 8 4 
CC Oe —— — 2 
— 


260 


HY DROSTAT Ts. 
will be as à Series of Numbers in Arth 


metical Progreſſion, whoſe firſt Term is o; 


therefore the Sum of all the Preſſures is equal 


to the. Number of. Preſſures multiplied by half 


the greateſt Preſſure 5 But the Number of 


Preſſures is as the Number of Particles, or 
Altitude of the Fluid BC; alſo the greateſt 
Preſſure is as the ſame Altitude: I berger: 
the total Preſſure againſt tbe Side of a Veil 


is as the Square of the Altitude of the Fluid 
(LV). hn ; y | 0 enge 


% hie Q 34 
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3 39190907 i JL Sonos Ot DAB 24 ep? 
(LV) 1. That the perpendicular Preſſure of Fluid 
on the Bottoms of Veſſels is eſtimated by the Area ef th: 
Bottom multiplied by the Altitude of the Fluid, is evident, 
T ſuppoſe, to every Reader. For ſuppoſe à Veſſel were 
2 Feet wide, 3 Feet long, and 4 Feet deep, and ltd 
with Water to the Brim ; then the Area of the Bottom 
is 2 Xx 3 b ſquare Feet, and every ſquare: Foot be- 
ing preis'd by the Column of Water, containing 4 
cubic Feet, tis plain the whole Bottom will be preſe d 
by 6 X 4 = 24 Cubic Feet, that is, by the whole Num- 
ber of cubic Feet which the Veſſel contains. 
2. But the Quantity of the lateral Preſſurs-ar that 
againſt the Side of the Veſſel, is not ſo obvious 3; et 
among the ſeveral Ways of computing it, I thin none 
ſo eaſy, natural, and univerſal, as that I have men- 
tion'd, viz. by conſidering it in a ſingle Column of 
Particles, as a Series of Quantities in Arithmetital Pro- 
greffien, becauſe this depends entirely on the ſingle Prin- 


ciple already eſtabliſhed, 'viz. that the Action or Preſh - 


of Fluid Particles is every Way equal. By which 
—— to illuſtrate this Matter, and facil- 


tate the Method of Computation 


3. Upon the uppermoſt Surface of the firſt Particle I, 
which coincides with the Surface of the Fluid, there is 
(11 ITT | 64 0 
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thing. The Body of the firſt Particle preſſes the ſecond 
Particle 2 with its own Weight which is as 1, and it 
preſies the Side of the Veſſel with the ſame Force, and 
therefore the ſecond Term of the Series will be 1. The 
ſecond Particle preſſes the third Particle 3 with the 
Force of its own Weight, and the Weight of that 
above it, that is, with a Force as 2; and fince it preſſes 
the Side of the Veſſel with the ſame Force, the third 
Term of the Series will be 2, After the ſame Manner 
it is ſhewn, that the fourth Term will be 3, the fifth 
Term 4, and fo on. hence it is evident the ſeveral 


Preſſures will be as the Series, O, I, 25 35 45 55 6, 


* 


7 8, 0% 10, GM ei 2199 | 

. Now that the Sum of ſuch a Series is equal to 
the greateſt Term multiplied by half the Number of 
Terms, is known to every Perſon verſed in common 
Arithmetick, and may be eaſily ſhewn by an Example. 
For ſuppoſe the Series were o, 1, 2, 3, 4, 5, 6, 7» 
8, 9, 10, 11, then the Number of Terms is 12, and 
the half thereof 6; alfo the greateſt Term is 11; but 
bXnm=1r+2:2+3+4+5;5 +6+7+8+9g+ 
10+ 11 ='66 = the total Preſſure againſt the Side of 
the Veſſel. Now this is manifeſtly but half the Preſſure 
upon a Line of the ſame Length in the Bottom of the 
Veſſel, diz. a Line of 12 Particles, for ſince each Point 
ſuſtains the Preſſure of 11 Particles, the whole muſt be 
7a N = 232. © | 

5. It may here be objected that I have taken 12 Par- 
ticles in' a Line at the Bottom, whereas there is but 11 
at the Side, and therefore the Length of the Side and 
Bottom is not the ſame, as in the Suppoſition we make 
it, But it is to be conſidered, that when the Particles 
are ſuppoſed indefinitely ſmall and numerous, as is the 
real Cafe of Fluids, hs Difference of Length occa- 


honed by one ſingle Particle will be infinitely ſmall, 


and therefore will make no Error in the Computation, 


8 3 
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IX, HENCE. if the Veſſel A C be of a Pl. XV. 
Cubical Form, the Preſſure againſt a Side Fig. 1. 
no Gravity, and conſequently no Preſſure 3 therefore 
the ahh 4m Se the Seties, or firſt Term is o, or no- 
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BC is half that upon the Bottom GD; 
| | \ re 


= * 


Let the Sum of all the Pręſſures, or the total Preſ. 


6 

ſure againſt the Side of a, Veſſel, be repreſented by, 

We Num r of Terms in the Series b N. 
Fan 7 e ince $ = NG, and face 
N ang & are ever proportignal to each other, My hal. 
have 8 as 1 NN, or 2 8 as N.; and ſince Halyes 
are in the ſame Ratio with their Wholes, we have 8. ag 
N* ; that is, tbe Sum or total Preſſure will be as the quarg 


4 


of the Number of Terms, or Altitude of the Fluid, 


* 7. For Example, in the above Sericy, if we take 
Sum of 4 Terms, it will be o+ 1+2+3=6 and then 


of 8 Terms, the Sum will be 0+1+3+3+4+5#6 


+7= 28, which is 4 T 


that is, the Sum or total Pre 
of the Altitude of the Fluid. | © e 
9. This Way of conſidering the Quantity of lateral 
Preſſure by the Arithmetical Series is univerſal, whereas 
the common Method reſtràins it to the Property of an 
equicrural right-angled Triangle, and to a Veſſel pf a 
cubical Form; which I ſhall, here give for the 444 
ſuch as would ſee the Demonſtration of a Thing in ſe- 
yeral Ways. ARCD is a Veſſel of a cubical Form, that 
is, whoſe Side BC is equal to the Length of the Bot- 
tom C D; if then the Diagonal B D be drawn, 

ſhall haye the Lines 1a BI, 2 Bz, 3c=B3, 


1 s 


= By 
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the Sides and Bottom it equal to three times 
the Weight of the Fluid on the Bottom of ſuch 
a Veſſel. 

| Mui ad Us to rc X. THE 

ot. lee ce So alt ac Doniclon = 

=B 4, Ct. but B 1, B 2; B z, B 4, Ce. being as 
the Altitudes of the Fluſd, Will degretine” hs Labern 
Prefſures in the Points I, 2, 3, + "Wc. therefore alſo 
the Lines 4 1, b 2, c 3, 4 4, &c. 'will_ repreſent the 


. 


* 


ſame lateral Preſſures; hence when the Diſtances 


B 1, 12, 23, 34, &c. axe indefinitely ſmall, the Lines 
a 1, b 2, c 3, 4 4, Cc. will be nay near each 
other ; and fo all thoſe Lines drawn in the Triangle 
BCD will make the Area of that Triangle. Therefore 
the Sum of all the lateral Preſſure amff the Side BC, 
will be as the Area of that Triangle. But the Area of 
the Triangle BCD is'as the Square of the SideB C, as 
we know from the Elements of Geometry. Conſequently, 
the Sum of all the lateral Preſſures is as the Square of 
the Altitude of the Fluid BC. 2, E. D. b 

10, Now the Preſſure on the Bottom of the Veſſel 
CD being equal to C DX B C, and the Area of the 
Triangle B D C being equal to BCXECD ; it is 
plain, the Sum of all the lateral Preſſures againſt any 
one Side, is equal to but half the Preſſures on the Bot- 
tom of ſuch a Veſſel; and ſo the Sum of all the Preſ- 
ſures againſt the four Sides is twice that upon the Bot- 
tom; and that the whole Force of the Fluid is equal to 
three Times the Force of its Gravity. 

11. Hence we ſee how very differently Fluids, at 
from Solids, which act upon each other by their Gra- 
vity only, whereas Fluids act rA by Preſ- 
ſure jointly, Solids act only, downwards, but Fluids 
every way equally. Solids act with a Force of Flue 

* 


\ 


to their Quantity of Matter, but the Force of Fluids 
is not according amen, 3-ay but their Altitude on 
12. The Quantity o Preſſure on the Bottom of 
Veſſels, or Planes oblique to the Horizon, is eaſily eſti- 
mated from what has been faid aboye; for let A K be 
ſuch an inclined Plane, and AE the Surface of the Wa- 
ter; then will the Preſſure upon the Points A, G, H, 
I, K, be as the Altitudes BG, CH, DI, EK. If now 
on the ſaid Points we erect = Perpendiculars G b, : 7 
- 5 
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Fig. 2. a Rh „Men rb Burde. PE 
ACDEF, 


te, equabto'thoſd foltitadty reſpeRively?"#nd fup- 

=” Thing done fever other 25 Hey 
* AR; it ovidentthe -Drith le Ac K wih 
the whole Preſſure on the Line K. But the — 
Triangle is equalꝰto XK NK Tr AG 
—=GH=HI=IK} ander drawn parallel 
ſhall have'3'c Nel, —— AK) xH, 
will be as the total Preſſure on the Line AK. 

13. If AK were the gection of a Plane; den the 
Surface of that Plane multiplied by CH,” will be the Ex. 
preſſicni for all the Preſſure on that Plane, provided OH 
be che Depth of the Centre of Gravity H, from the 


Surface of Water. But to give a mare general Hg) 


rem of the above Rule, let af, be two — 
ing from an horizontal Plane, at the Diſtances a 
and join theit ; Centres by the Line 4 5, and ſet x oh 
their common Centre of Gravity, and & o its'Diſtance 
from the Plane c d, perpendicular to which draw 4 y ind 


bz 3, then ſince : Ber b: a * the Prop be 
j 


common Centre of Gravity; andi by ſimilar *Friangles 
we have bm tails tag Therefore Xx = þ * 


2; but e eee and * * 2 x aA 


7 
x 0 =bd—Lx0; therefbte 4 * 7— ac =b X A= % 
that'is, . . X That is, 
in Words, The Product of the be” bis multi plied their 
Diſtances fron the Plane L 7 thetr 840 m. 27 ied 
by the" Dijtanice of 1 thei comer. © entre of Gravity from 
the Plant. _ 

14. Now that mY holds true in Lines and Planes! is 
evident, becauſe the indefinitely mal] Particles of Lines 
and Planes may be conſtder'd as very ſmall Wei ghts, 
and as whit has been demonſttated of two Folds 
equally for all, therefore the above Rule is a licable 


to all Sorts of Vurfaces, of the Preſſure upon the Bot- 


toms of Veſtels, howevet Poſited or figured, may be 
exactly com puted there 


15. Thus ſuppoſe _ D'EF repreſent a Veſſel of 
2 Priſmatic Form, whoſe Bottom is an oblique trian- 


gular 


my £09 


S 
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ACDEF, is proporulanal to tbe Altitude 


AE only,,and Not to the Quantity of the Flud | 


2 


cular Plane D EF, in which let d be drawn perpen- 


dicular to the Baſe DE, then if we make Fæ: xG :: 2 
, the Point æ will be the entre of Gravity of the 
Plane, and x # its perpendicular Depth from the Surface 
of the Fluid ABC, when the Veſſel is fill'd with Wa- 
ter. Now ſuppoſe A F Foot; FG 6G Feet; 


ED = 2 Feet; CE SH Sg Feet; and let the 


Plane F bc be parallel to the Surface of the Fluid ACB, 
Then we haye FG: Fr: Ka that is 6: 42 2 
: 1: Ka; therefore K ＋ e. e 2 Feet, the 


Depth of the Centre of Gravity of tte Triangle FE D, 


whoſe Area is FG XE GYτπ XI s ſquare Feet. 
Therefore 6 X 25 = 14 Cubic Feet of Water, whoſe 
Weight is equal to the Preſſure on the Bottom of the 
Veſſel. (1 543 36 „ll lein on a 


16. Thus in caſe of a Cylindric Veſſel whoſe Bottom 


is either an Ellipſis, a Cone, a Segment of a Sphere, 


&c, if the Quantity of the Surface, and Centre of Gra- 
vity be found, the Content of the Veſſel is then known 
by the Rule above. Thus alſo if. the Surface of the 
Side of any Veſſel in any Formor Poſition be multiplied 
by the Depth of the Centre of Gravity, the Product 
will be the Number of Cubic Feet, whoſe Weight is 
equal to the Preſſure. on ſuch a Side or Surface. And 
ſince a Cubic Foot of e en Ounces, 


or 623 1b, Averdupoiſe Weight, the Quantity of Preſ- 
ſure may be e in any Nene of 

Weight, as will be more particularly ſhewn hereafter. 
17. One Thing more the Reader ſhould be appriz d 
of, and that is the Centre of Preſſure, which is that 
Point in which we may conceive, the whole Preſſure to 
be concenter'd or united; or to which if a Force were 
applied equal to the whole Preſſure, and acting in a 
contrary Direction, it would exactly balance or reſtrain 
tne Effect of the Preſſure. 397, it uld keep: the Plane 
1 free to move) in Equwiibrio with the total 
Preſſure, unequally diſtributed over all its Parts. Thus 
ABC) be a Veſſel of Water, and the Preſſure 1 
| Maerz an ide 
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ix tb Val: For every! Column of Par- 


ticles Nen n Nen on 


11717 4 1 1 0 7 , 1 7 
{ ©! the 


Side AB * ad to twenty | ants © ; if be e Cen. 
tre of AB hee and a String abe were fix'd t 


— over the Pully ö, and futtaining a Weight 1 7 


Pounds, then would the Side AB be. in 
Tiles, by thoſe two equal and oppoſite Powers. 
18. Nou the Centre of Preſſure is the ſame as the 
Centra of Percuſfian, as is evident from hen 
the Line AK the percuffive Force of eve js frag 
H, 1, K, is as the Velocity, that is, as the Diftance 
AG, AH, AL AK, from the Point A. conſidered 


as the Point of Suſpenſion. , But thoſe Diſtances are 


as the Altitudes GB, HC, I'D; K E, which are as the 
Preſſures on the foreſaid Points: Therefore ſince the 
Preſſures, and percuſſive Forces are always alike, the 
Centre of one muſt be the ſame with that of the other, 
but the Centre of Percuſſion of the Line AB is d 
Thirds of its Length diſtant from the Point of Suſpen- 
ſion A, therefore alſo the Diſtance of the Centre of 
Preſſure à is ; of the Side AB below the mar: 
Ts *— KK. K 


Fa, rt apt I | 5 21208 


19. The Reaſon why a greater Force of Prelſure is 
Mow to an oblique Plane or Bottom of a Veſſel than 
what is equal to the Gravit of the Fluid, is this, that — 
every Point in the Line A K is preſs'd with a and 
cular and lateral Force at the ſame Time, an 
obliquely; and of thoſe two oblique Forces, of . — 
one direct Force is compounded, which is greater Nel 
either, and acts in a Direction perpendicular t6' 
Plane: But ſince both the oblique Preſſures are always as 
the Depth of the Fluid, the ditect compound Preſſure 
will de in the fame Ratio likewiſe, Hence 4s there i 
à greater Number of Points ini the Line AK than im the 
Line AE, and each is preſs'd 8 with 
Force proportional to the Depth, tis n ns} or that * 
eſtimate the whole Force by the Area of 'Triah 
AeK, and not of A EK, as we muſt have d Gon 
F luids preſs'd lie Solids by their Gravity only. 
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the Side of the Veſſel EF, has its Force den 
ſtroyed by the equal Reæ- action / of the ſub- 


jacent Particle H in the Side, and ſo cannot 


at all affect the Bottom of the Veſſel. Again 3 
the Preſſure. of any Column af Particles 


LM upwards, againſt the Side of any 


veſſel CD, is equally'reaQted by the Par- 
ticle of the Veſſel over it, and ſo its Force 
or Preſſure on the Bottom muſt be the ſame 
as that of another Column of Particles A B 
of equal Altitude with the Fluid: Whence 
the Propoſition is evident (LVI). ). 
| | 2eanioT bj XII. He NE 

(LVI) x. There is nothing in the Explication of the 
Hydroſtatic Paradox difficult to be underſtood,) but the 


anner how the Point M comes to be preſſed with the 
ſame Force as the Point B. which has the whole Height 


2 


of the Fluid above it. But this Difficulty will ſoon va- 


niſh when we conſider that the Preſſure among the Par- 
1 a Fluid at the ſame Depth is every Way equal ; 
therefore if LH be parallel to the Bottom DE, tis 
lain there will be the ſame Preſſure, upwards in every 
Panicle H, I, Q, L, as there is downwards, and every 
where as the Altitude AI. The Particle at L, theres 
fore preſſes upwards againſt a. Particle in the Side f 
the Veſſel with a Force equal to the Weight of the 
Column of Particles AI, Which Force is deſtroyed by 
the equal Re- action of that Particle in the Side of the 
Veſſel, The ſame Fluid Particle L. alſo preſſes the 
Particle immediately beneath it in the Column ME 
with the ſame Force, which added to the Weight of 
Column LM. makes the. Lyme Preſſure on the Point A 
4 there is on the, Point h ariſing from the Preſſure og 
the two Parts AI4+IB. benq ei dag bas AA ith 
2. That the Preſſure u (A Th Point L is — 
to the Weight of the Column Al, is evident from 
hence, that if it be removeg (chat is, if a ſmall Hole 
be there made) the Fluid will from thenge be thrown 
| up 
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up in Form of a Jet d Eau to the Height of T nearly, 
which is/in the ſame horizontal Line with the Point Fi 
or Level of * Fluid. — which well conſider'd 
ie, preſume, ſufficientto ice that the Preſſure on 
Abe Point M and] eyery pther; Joint in the Line DE is 
the fame with that on the Point . 

3. FEtom what we have ſaid, tis alſo plain, that che 
Top of the Veſſel Q NRF. is. preſs'd upwards, with a 
Force every where, proportional to the Altitude of the 
Fluid AP, which Force of Preſſure upon the whale Sur- 
face: js equal to che Weight of a Body of Fluid of the 
ſame Baſe, and whoſe Altitude is AP. The Sides ab 
are preſs'd every where outwards with a Force propor- 
tional to the Altitude of the Water, and in the ſame 
Manner as they would de at the Depth were the Fluid 
every where of the ſame Bulk as in the B ee 
ſel, and of the ſame Altitude as at A. 

4. The Conſequence of this will be, chat if n * 
ſtrument be contrived with a Bottom AB and Top CD 
connected, with pliant prepared Leather E F, ſo as to be 
Water-tight, and if in the Middle of the upper Part at 


G be inſerted a ſmall Tube H, and Water pbur d in 


ſo as to raiſe the upper Parr DC that it may float freely 
on the Surface of the contain'd Water, then 
Weight I, laid thereon will cauſe the Water to riſe 
oy 5 in the ſmall Tube as will be equal to the Height of 
ylinder of Water of the ſame Baſe D E, and whoſe 
Vogt will be equal to that laid on; and: if anqther 
eight K be added, it will raiſe the Water to twice 
the Height in the Tube; if a third Weight L be ad- 
ded, it will riſe to three, Times the firſt Height, and 
fo on. Whence it appears that ſince the Bore of the 
Tube may be exceeding ſmall, the greateſt: Weight 
may be ſuſtain' q or counterbalanced by the Jew? e 
able Qungitity of. Water in the Tube. ol. 
-1 5; But this; Matter will he beſt explain 4 b 


Bus. and Example. Suppoſe then D C =' A 


laments 1 Ass of. . circular Surface will, be 
„ Ant Subeta um 
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balance or be \equzvalent 4⁰ the, Werghte- or 
Force of "any: given; Ryeurity R GN 
great ſoever. V a 


VIII. Wren 
28, 27 Square Inches; and ſince a Square Inch of Wa- 


ter weighs. 178 of an Ounce Averdupois, therefòre a 


pound will contain 27,7 Cubio Inches; conſequently 
as this Number is but half à Cubic Inch leſs than the 
other, 'tis evident that a Cylindric Column of Water 
whoſe Baſe is 6 Inches in tameter, ang Height one 
Inch, will weigh nearly ont Pound 3” if therefore I be 
one Pound, the Water by its Preſſure will riſe one 
Inch in the Tube; if K be another Pound; then LNK 
will raiſe the Water two riches, and ſo on. If the 
Bore of the Tube be 8 of an Inch Diameter, the 
Quantity in the Tube one Inch highü is to that in the 
Veſſel one Inch high, as the Square of 4%; to the Square 
of 6, that is, as 130 tö 36; 48 1 to 36003 and in that 
Proportion àre their Weights alſo; hence tis plain 
the Water in ſuch a Tube Will fuſtain 3600 Pimes its 
own Weight. Io Hap HE + 

6. In like Manner \we'ity conſider 2 how great 
an Effect might be produced by only blowing with 


one's Breath thro' the Tube HG into the Veſlel - 


ABCD. By this Meanszdif the Dimenſions' of the 
Veſſel were large, and the Fube läng and mall; u Mah 
with the Breath of his Mouth might raiſe any given 
Weight, how great ſbeysr. Suppoſe for Inſtanes, the 
Area of the Top D ©'wert 108 quatre Inches, and 
the Diſtance between the Top ænd Bottom RD A of 
an Inch, then will there bs'tontain inthe Veſſel 250 

Cubic Inches of Air, bf the ſame Denſity with the e 
ternal Air. If now mbre Air Ve blown thro the. Tube 


into the Veſſel, (it will cöndenſe the internal Air, and 


Y increaſing its Spring"eauſe it to raiſe the moveable 
op DE, though chafged with a very great Weight. 
7. Thus fince the Weight of Air preſſes upon every 
Square Inch with a Foree. ef 15 ., (as win be-thewn 
hereafter) if we place on the ſaid Top DC, roob X 15 
= 1500016. and then blow into the Inſtrument 250 
Cubic Inches of Air, it will double the Denſity of 
the fnternal Air, and conſequently its Spring, 1 
3 wi 
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HyriDzos var TCS. 
I. WHEN any Dody is immerſed in 


TW) 


a Fluid, it loſes juſt fo mueb af its Meizu 


1 equal to the Weight of an equal Bulk of the 
CASE, Ke, e . ve 


es 4172 a To 
will then Ka the gebt Weight i in ee 


cer ſ little more be blown in, it will raiſe it; for tn 


that; Caſe the Aix will preſs upwards with a. ar 
Force than that of the Weight: downwards. 
5 8 17 500 Cubic Inches df Air were blown iotd w. 
Inſtrument it would ſuſtain 30000 Kb. and ſo on. But 
in ſuch Caſes we muſt fappofe the Parts EF ſylfitleatly 
ſtrong to bear ſuph 4 e 1 1 77 — to 
the . * is a Fluid it pr 
becauſe the Bore of the 2 Feb be is Ft (ene 2 
Part of z ſquare. Inch) a Perſon dla 
fame. would meet with no more Refiſtange than! the 
Preſſure of the Air on the, Ates of the Bore;” which 
when the Air is of a double Denſity, or When 430 
Cubic Inches are crowded; in, will be but dz of 
2 Pound, which. may be eaſily overcome; by. the 
Force of the Muſcles in blowing, eſpecially if we, uſe a 
Stop-cock to ſhut off the Air in the Tube every Time 
1 freſh Air to gur Mouths; ne 5 10. bos. 
If the Top of the Inſtrument DC were fix d, und 
fire paſh thro? the Tube GH 8 
8 and fuſpended, at che End of a Balance, thenil 
the, Bottom be nicely balanced by Weights 9 
of the other End, and aſter that Water 5 
Top and Bottom were ſeparated to their u 
ſtance/; to balance this Water: will require, PR 
Weight for every Inch in Height in the Veſſeh and it 
will after that require ohe Pound Weighe; oe 
Inch that it riſes in the Tube, which plaintyithews 
the.Force of Fluids is al proportional 8 
and not the Quantity of the Fluid. Note, I:ha 
poſed in this Article that: the Diameter of the Vi is 
fix. Inches, as before in Art. 5. Another rem 
Inſtance of this Hydroſtatic Paradox, I ſhall give w 
I come to conſider the Swimming of an land 
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beer than before II ty N bills 
\ KY N Wav N 9A XIV. Is 


| 8 WE! 
lighter Fluid, and which Abe een ea, Ag ton 
if the- 9 See Arnot. —.— 
(LVII) This is the fundamen rinciple wot: 56808 
ebe Cant be 


Hydroſtatic Proceſs, phrticuſlarly ef the whel 
Speciie Gravities j which" 

too plain and eafy to be- underſtvod.“ Te this” 
let A; CD be à Veſſe —— Wuter to che 
EFT; and let I be 2 Bach theasier th 
ter) to he immerſed N 1 B Me Thee 
ion of the Body I, a' Quantity 'of "the Pla 1 
equal in Bal arches Bey 0 be diſplaced by 


varitity of Pluld muſt uſcehd, Tas bving*confineth tow 
nr 2 Bottom and Sides) — Surface'of 
the Liquor from E F to G H and them will the Quin 
tity E F OH be equal/to"the Bulk of che immerſed 
Solid bed." 2+ viduob s lo ei iA ad note, 
2 Bue us 0 Solid eomeb to enter the Pfufd, ech 
Particle of the Flaid by its Vis Inertia ll teſiſt the go. 
lid, or endeavour: to: op its Döſtent With” all ts 
power; anch ſu the Whoſe Hody vffthe'Fluid that is rel 
moved or diſplaced by: the/Boli will tcftft it by the is 
nited Force of all- the Parties Bur'this/Poree fs equal 
to the Gravity of he Fla femovedz as ig ident from 
hence, that the Fluid: f n 1e _ 
or move in 4/DireQtion/quite*cojitra! 
re the Solid in its Diſctrit will be f- 10 
2 the Gravity of an ita? Bult f the Pluid. 
A-Conſequence of Mook be; chat, fince 
and Re- action are equal,” tlidre vil be juſt as much of 


gain'd by, the Fluidy which: will be ſd Hich 


Pl. XIV. 


Fig. 10. 


perior Fotes or greater Gravity'of the dolid: Ard es | 


the Gravity of the! deſcending Svlid deſtioy = | 


equal to: tlie renitent Force, that is, to the GH 
Weight of an equal Bulk bf the Flad“ | Whenee it 
evident that all Bodies immerſed im Pluits will welt 
lighter if ſuſpended merein at the End- of f BN 


tan in che Air; and lightvr in the Air than? Feb 


whirs only'the trus, realy aue, Wight * cl 


. fewn or Fnown. \\ e 940 12904! 0 mee 


Bulk are in Eguilibris in the Air, that Equilibrium will 
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XIV. Ir any Body E could be found 
without Weight, i would, if plated on the 


Surface 


i 4. And fince the Forte which reſiſts the Deſcent of 


Solids is proportioned to their Bulk only, it follows, 
that equal Bodies immerſed in Fluids loſt equal Parts 
of their Weight ; and therefore a lighter Body loſes 


more of its abfolute Weight, than a heavier one of the 


fame Bulk. And conſeq if two Bodies of 


be deftroyed on their being immerſed in the Fluid; be. 
cauſe that which. has the largeſt Bulk will loſe moſt 

Weight in the Fluid. 
5. Again; it is plain the Weight of the Fluid is 
ted in the ſame Proportion, as that of the im- 


merſed Solid is diminiſhed ; for the Force or Action of 


the Fluid on the Bottom of the Veſſel CD is before Im- 
merſion to that afterwards as the Altitudes CF to CH, 
or to the Bulks of the Fluid EFCD and GH CD. 
And fince thoſe Bulks act only by their Gravity, it is 
plain the Action of the Fluid is increaſed only by the 
additional Gravity of the Quantity GHFE, which is 
equal to that which the Solid loſes by Immerſion, as 
was before ſhewn in Art. 2. All which Caſes anſwer 
very exactly by Experiments. of > 6 Joys: 
From what has been premiſed we may eaſily ap» 
prehend what is meant by Specific Gravity, viz. that 
which is peculiar to any Sort or Species of Matter or Buch, 
when conſider” d or compar d in any given Bulk- or Magni» 
tude, as a Cubic Inch, for Inftance. Thus we fay, 
the ſpecific Gravity of common Water is to the Spe- 
cific Gravity of Lead, as the Weight of a-Cubic Inch 
of Water to the Weight of a Cubic Inch of Lead. And 
as the Abſolute Weight of Badies is their whole Power of 
Gravity in Vacus, ſo their Relative Gravity is that 
which they have in any refiſting Medium, as Air, Wa- 
ter, &c, and is equal to the Abſolute Weight diminiſh» 
ed by the Weight of an equal Bulk of the Medium. 
7. What relates to the Abſolute and Specific Gravities, 
the Magnitude, Denſity, &c. of Bodies, will beſt be 
underſtood by ſymbolical Computation; in _ P 
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Surface of u Fluid iA By:floatrtbereon without 


any Part immenſauʒ o for being dewid of 
Deal | Gra- 


to which let A and B be c̈ Bodt=of equal Bulk, but 


different Quantities of Matter and det Brand C be two 


other Bodies with equal Quantities of Matter; hut of 


different Bulls. % bag tant mods bo 
| D=Denfity.45 = # uU: e to wr 
And 0 B = Bulk „ eunpren: in the Body A. 
7 M uantity of Matter * nt 1% * 
D Denſity * nenne borolſtab 15 

Alſo F Bulk 6 


By af) His 

M=Matter 469 265 £12 "#915 4 
d =Denfity # $4; (96454 #: 3 ; *11 8A 2 

And 15 Bulk in the Body rn bro mars 

Matter Haase os bijod hatin 

8. Then, becauſe the Denſity of any Body is pres 

portional to the Quantity of Matter under equal Bülks; 

we ſhall have D: Dr: M! M: and, betauſe when 


the Quantities of Matter are equal, the Bulks muſt be 


reciprocally as the Denſities, therefore we have D: d 21 
„ : j #* $6 vi; Sv} Eno tubs 
b; B. Whence D = 1 ;,conſcquently D. A 
= 4bM. But B = B, and Mn] therefore D By 
AM. Whence we have D: 4: M: AB; and 
B: ) :: AM: Dm; ind M: mt DB: 4. 
9. The Specific Gravity of Bodies being às the 
Weights, that is, as the Quantities of Matter, in equal 
Bulks, will be as the Denſity: Therefore D: 4:: 8: 
t; and by Subſtitution of Ratios we have the general 
Theorem above become 8 BN = 5b MM, And ſince the 
Abſolute” Weights (A, a,”) of any two Bodies Are as 
the Quantities of Matter, we have 8 BA = A's. 
Wherefore 8:5 :: A: B that is, the Specific Gra- 
vities will be as the Abſolute Weights directly, and 
the Bulks inverſely, of as the Abſolute Weights divided 
US | alle ee ata ts % 64s 
10. Alſo A: 3 :: 8 B 5; that is, the Abſolute 
Weights of Bodies are in the compound Ratio of their 
Specific Gravities and Bulks. Or the Abfolute Weight 


of any Body is had by multiplying its Bulk and Specific 


Gravity together. 
Vor. 1 2 
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Gravity, it could have no Force to dif. 
place any Particles of the Fluid, and fink 
therein, | 1 39 


XV. Ir any heavy Body F, lighter than an 


equal Bull of the Fluid, be placed on its Sur. 


face, it will fink or deſcend therein, till it has 
removed or diſplaced ſo much of the Fluid 
whoſe Weight, is equal to that of the Boch: 
For then the Preſſure upwards and down- 
wards on the under Surface of the Body is 
equal; and conſequently the Body will be 


there quieſcent, or in Equilibris with the 


Fluid. Hence the. whole Solid is to the in- 

merſed Part, as the Specific Gravity of the 

Fluid to that of the Solid (LVIIl). 
XVI. Ir 


11. Again; becauſe B: 5 :: Ag: 48, it appears 
that the Bulk or Magnitude of Bodies will be as the 
Abſolute Weights directly, and Specific Gravities in- 
verſely. Or the Magnitude of any Body is had by 
dividing its Abſolute Weight by its Specific Gravity. 
( LVIII) 1. This Caſe is not ſtrictly true but in Va- 
cuo; for in the Air ſuch a Body may be conſider d as 
ſuſtain'd in two Mediums, vi. Air and Water; in one 
of which it will ſink or deſcend, and in the other riſe, 
And therefore to repreſent the true State of this Matter 
univerſally, we muſt raiſe a general Theorem in the 
Manner following: Let AB CD be a Veſſel filled 
firſt with an heavy Fluid to the Level E F, and from 
thence with a lighter Fluid to A B. Suppoſe the So- 
lid X ſuſtain'd by thoſe two Fluids; let the Part in the 
heavier be call'd A, and that in the lighter B; and let 
the Specific Gravities of the heavier and lighter Fluids 
be as a and b, | 
2. Then fince the Part A diſplaces a Bulk of the 
Fluid equal to A, the Abſolute Weight of that Bulk of 
Fluid will be Aa, (by Annot. LVII. Art. 10.) and ” 
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XVI. Ir a Solid, as G, equal in Weight to 
an equal Bulk of the Fluid, be immerſed there- 
jn, it will take any Situation mdifferently in 
any Part of the Fluid, as at G, H, I, without 
any Tendency to aſcend or deſcend therein : 


For being totally immerſed, it muſt re- 


move a Parcel of the Fluid of equal Bulk 
and Weight; and conſequently the Preſſure 
upwards 


the ſame Reaſon the abſolute Weight of a Bulk of the 
lighter Fluid equal to B will be Bb, Let e be the 
Specific Gravity of the Solid X ; then the-Sum of the 
Weights of the two Portions of the Fluids muſt be e- 
qual to the Weight of the Solid; otherwiſe it could not 
be ſuſtain'd by them: Therefore Aa + Bb = X c = 


A+BXc. Hence Aa —Ac=Bc—Bb, Conſe- 
quently, A:B::c—b:a—c; and compounding, 
A: AB (XK) :: -: a—b. © / 
3. Theſe two Theorems are thus expreſs'd in Words : 
1. As the Part of the Solid within the heavier 
Fluid is to the Part contain'd within the lighter : 
So is the Difference between the Specific Gra- 
vity of the Solid and lighter Fluid, to the Diffe- 
rence between the Specific Gravity of the Solid 
and the heavier. ee 
2. The Part of the Solid in the heavier Fluid is to 
the whole Solid, as the Difference between the 
Specific Gravity of the Solid and lighter Fluid, 
to the Difference between the Specific Gravity 
of the two Fluids. 
4. Hence, if b=o, we have A: X:: c: a; that is, 
the Part immerſed is to the whole Solid, as the Specific 
Gravity of the Solid to the Specific Gravity of the Fluid. 


And if the two Fluids were Water and Air, Water and 
Oil, or any other, and their Specific Gravities giveng® 


with that of the Solid, it will be eaſy to find the Parts 
of the Solid contained in either Fluid by the Theorems 
above-mentioned, 
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upwards is equal to the Tendeney down- 
wards on the lower Surface every where; 
and therefore it can have no Power to fink: 
Alſo the Preſſure downwards muſt be equal 
to the Preſſure upwards on the upper Sur- 
face, whence it can have no Tendency to tiſe 
or ſwim ; it will therefore remain at Reſt in 
any Poſition, G, H, I, whereſoever in the 
Fluid (LIX). 
XVII. LasTLy, Ir a Body K or L, hea- 
vier than an equal Bulk of the Fluid, be in- 


merſed therein, it will deſcend by the Exceſs of 


its Gravity above that of the Fluid: For, 


when immerſed, it will be reſiſted by the 


Force 


(LIX) I have ſhewn, that while a Body is ſuſpended 
in a Medium, its abſolute Gravity is Jiminifled by 
the- Reſiſtance of the Medium; it is therefore only the 
relative or reſidual Gravity of the Body that we find in 
ſuch a Caſe : And this being equal to the Difference be- 
tween the Specific Gravities of the Body and the Me- 
dium, *tis plain, where that Difference vaniſhes, that 
is, where the ſpecific Gravities of the Body and Me- 
dium are equal, there the relative Gravity will become 
Nothing; whence ſuch a Body ſuſpended by us in ſuch 
a Fluid has no ſenſible Weight. And this is the Rea- 
fon why a Bucket of Water, while in the Water, ſeems 


to have no Weight; becauſe the Specific Gravities of 


the Water in the Bucket, and of the Wood of the Buc- 
ket, being the ſame with that of the Water in which 
it is ſuſpended, there can be no relative Gravity of 
the Bucket of Water experienced, and therefote no 
Gravity or Weight at all. The Want of conſidering 
this has been the Occaſion of many abſurd Poſitions 
and puerile Concluſions in Philoſophy ; as abſelute Le- 
vity, a Diminution of abſolute Gravity, &c, ' 
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Force of an equal Bulk of the Fluid, which 
therefore will deſtroy juſt ſo much of the 
Cravity of the Solid; and conſequently, 


the Reſidue or Exceſs of Gravity in the So- 


lid is that alone by which it muſt deſcend 


LR). | 
FROM 


(LX) 1. As thoſe Bodies ſwim which are ſpecifi- 
call; lighter than Water, as above explained; fo others 
ſink or deſcend in a Fluid by being ſpecifically heavier, 
that is, by their relative Gravity. Thus, if the ſpeci- 
fic Gravity of the Solid be to that of the Fluid as 3 to 
1, then 3— 1 =2 is the relative Gravity by which it 
deſcends. If the Specific Gravities are as 7 to 1, then 

—1=6is the relative Gravity. Whence we obſerve, 

2. That the Deſcent of Solids in a Fluid Medium is 
the very ſame with that of Bodies deſcending on an in- 
clined Plane, becauſe in both Caſes the abſolute Gra- 


vity is only diminiſhed, by the Reſiſtance of the Medi- 


um in one Caſe, and by that of the Plane in the other; 


and therefore all the Properties of the Motion of a Bo- 
dy falling freely, belong to this Motion thro' a Medium 
likewiſe, | | 

3. This relative Gravity of Solids, by which they 
ſink or ſwim, is uſually illuſtrated by the Deſcent and 
Aſcent of Glaſs Images and Bubbles included in a Jar 
of Water cover'd over with a Bladder, ſo as to include 
a ſmall Quantity of Air between the Bladder and Water. 
The Images, &c. have ſmall Holes in the Bottoms of 
their Feet, thro' which ſome Water is put into their 
Bodies, and that in ſuch Quantities as will render 
them but very little ſpecifically lighter” than Water, 
but ſome more ſo than others, that they may not begin 
to move all together. | | 

4. The Images being thus put to float in Water, and 


the Bladder tied down, if the Hand be laid on the 


Bladder, and gently compreſſes the Air beneath, the 
Air by its Spring will act upon the Water, and 
cauſe it to compreſs the Air in the Bodies of the Images, 
by which Means more Water will be driven into their 


9 Bodies; 


Pl. XIV. 
Fig. 13. 
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HyDRrosTATICS. 
| FROM what has been premiſed of the Na- 
ture of Fluids, it will be eaſy to underſtand, 
| a that 


Bodies ; and when ſo much is got in as will make them 


ſpecifically heavier than the Water, then they will be- 

in to deſcend one after another ; and by varying the 
Degres of Preſſure you may keep them ſuſpended in 
any Part of the Fluid as you pleaſe. 

5. It is to be obſerved, that the Matter of which the 
Bodies of thoſe Images and Bubbles are made ought to 
be ſpecifically heavier than Water, that they may fink 
when fill'd with Water, which otherwiſe they could not 
do: They are therefore made with Glaſs, which is 
about three Times heavier than Water, Alfo the 
Holes in the Feet ought to be very ſmall, leſt the Water 
ſhould run out in the Air. | 


6. On the contrary, if the Images were but juſt hea- 


vy enough to ſink to the- Bottom of the Jar, if then the 


Bladder, inſtead of being preſs'd down, were lifted up 
from the Surface of the Water, the Air would expand 
itſelf, and have' a leſs Spring ; and therefore the Air 
alſo in their Bodies would exert its Spring, (which 


is now greater than that under the Bladder) and drive 


ſome Water out of their Bodies, by which Means they 
will become ſpecifically lighter than the Water, and ri 
in it to the Top. . 

7. The Image or Bubble will ſink or ſwim without 


the Artifice of a Bladder, if nicely managed; for if 


Care be taken to have juſt ſo much Water in the J- 
mage as will render it but very little higher than the 
Water, it will then ſwim at the Surface; if then 


put it into a proper Depth, the natural Preſſure of the 


Fluid upwards will force ſo much Water more into it, 
as to make it heavier than Water, and from that Place it 
will, of its own Accord, fink down to the Bottom. 
W hence it appears the ſame, Body will fink or ſwim in 
the ſame Medium, according to the different Circum- 
ſtances it is under from the Medium, and not from any 
Thing in itſelf. | | * 
8. If any Veſſel AB be fill'd half full with Salt Wa- 
ter to C, and a Bubble at B be made juſt heavy _ 
to fink therein to the Bottom; and after that an-4- 


mage 
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that the lighteſt Bady P may be depreſi d in the 
heavieſt Fluid, by any Contrivance to keep 


the ſaid Fluid from preſſing on the under 


Surface of the light Body, by which 
Means only light Bodies are made to ſwim. 
Thus Cork or Wood will abide at the Bottom 
of a Veſſel fill'd with Quick-ſfilver, 

AGAIN: On the ather Hand, the heavieſt 
Body M may be made to ſwim in the lighteſt 
Fluid, by keeping the ſaid Fluid from preſſing 
on its upper Surface, by means of the Tube 
NO: For when by this means it is im- 
merſed ſo deep as to keep off an equal 
Weight of the Fluid, the Preſſure then of 
the Fluid acting upon its under Surface up- 
wards will be equal to the Weight of the 
Solid tending downwards; and therefore if 
the Solid be ſunk ever ſo little deeper, it muſt 

e ſwim 
mage at C, having ſo much Water put into its Body 
that when the Hole in its Foot is ſealed up, it ſhall be 
juſt light enough to ſwim in the ſaid ſalt Water: 
Things being thus prepared; if ſo much hot freſh 
Water be put into.the Jar AB as will fill it to the Top, 
the Conſequence will be, that the Fluid being now 
lighter, will not ſuſtain the Image C which will fink to 
the Bottom; and the Heat of the Water will rarify the 
Air in the Bubble B, by which Means the Water in it 
will be in Part ex d, and the Bubble thereby 


becoming lighter, will riſe to the Top. Thus by this 
Artifice, the Image and Bubble will ſpontaneouſly: (as 


it were) change Places; which pleaſant Experiment, 


or Hydroſtatic Problem, was firſt propoſed by Mr. John 
Caſwell, Aſtronomy Profeſſor at Oxford, near 40 Years 
280. nee | 
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ſwim by the ſuperior Foree or Preſſure of the 
Fluid upwards (LX). 


HEN cx alſo the Reaſon of trying the different 


Gravity, Denſity, or Strength (as it is common- 
ly call'd) of divers Fluids or ſpirituous Liquors 
by the HYDROMETER or Water-Poiſe: For, 
ſince the ſtronger any Fluid is, the greater 
will be its Reſiſtance to any Solid immerſed, 

W 


© (LXT) Thus for Inſtance, if the Body M be 5 


Times heavier than Water of an equal Bulk, and if by 
Means of the Tube NO, placed on its upper Surface, 
the Water be kept from prefling thcreon, that 'it be 
immerſed to 7 Times its T hicknels below the Surface of 
the Water, tis plain the Preſſure on the under Surface 
upwards will be as 7, but downwards only as 5; and 
therefore fince there is the Exceſs of two Degrees of 
Pretivre upward, tis plain the Body cannot deſcend ; but 
may very properly be ſaid to ſwim on the Water, and 
this will be the Caſe of all Bodies, however large or 
heavy, if placed at a proper Depth in the Water, with 
the above-mentioned Circumſtances. | 

2. But what is moſt remarkable, and at the ſame 
Time the cleareit Proof of the Hydroſtatic Paradox, is, 
that if the Body M be immerſed to the Depth of 10 
Times its Thickneſs below the Surface, with a Tube to 
keep off the Water from its upper Surface, then what- 
ever be the Form of the Tube upwards, Water pour'd 
into the ſame will in all Forms thereof, at the Altitude 
of 5 Times the Thickneſs, make the Preſſure on the 
under Surface upwards and downwards equal, and con- 
ſequently, if the Altitude Beever ſo little increaſed, the 
Body will deſcend. If the Body be immerſed to a 
Depth, equal to 12 Times its Thickneſs, then the Al- 
titude of the Water pour'd in muſt be equal to 7 Times 
its Thickneſs, becauſe 5 +-5==12, and ſo on in all other 


Depths, let the Veſſel NO be ever fo great or ſmall,” 
provided its Baſe be equal to the Surface of the Body; 


the Preſſure of the Water pour'd in being proportional 


to the Altitude only, and not at all to the Quantity 


thereof, 
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tis evident the Hydrometer eannot ſink ſo 
far into the heavy or ſtrong Fluids, as into 


thoſe which are lighter or weaker. The 


ſeveral Degrees of Strength, therefore, are 
eaſily ſhewn by the graduated Neck of this 
Inſtrument (LXII). 32 

THE 

(LXII) I. The HyDROMETER is one of the moſt uſe- 
ful Inſtruments of the Philoſophical Kind; for tho” the 
Hydroſtatic Balance be the moſt general Inſtrument for 
finding the. ſpecific Gravities of all Sorts of Bodies, yet 
the Hydrometer is beſt ſuited. to find thoſe of Fluids in 
particular, and with the greateſt Eaſe, Conveniency 
and Expedition, as will appear from the following Ac- 
count, and Deſcription thereof. 

2. This Inſtrument confiſts of four principal Parts, 
viz. (1.) A large round hollow Ball or Sphere 
ABC D, which is made of Ivory, Glaſs, or Metal, as 
Copper, Braſs, &c. (2.) An hollow Glaſs-Ball EC, 
of a ſmaller Sizc, partly fill'd with Quick-filver ſcrew'd 
on to the lower Part of the former, in order to render 
it but little ſpecifically lighter than Water, that it ma 
nearly fink in it. (3.) A long ſmall Stem or Shank 
AF fix'd into. it on the upper Part, which by its 
Weight cauſes the Body of the Inſtrument to deſcend in 
the Fluid with Part of the ſaid Stem. (4.) A ſmall 
Weight F, ſcrew'd on upon the Top of the Stem or 
Wire AF, to cauſe the Inſtrument to fink fo far, that 
the Sur ace of the Fluid may always cut the Stem in its 
middle Point G. 

Tho' the above be the uſual Structure and Com- 
poſition of this Inſtrument, it is certainly not the beſt; 
for if the Body or Globe ABCD be of Ivory, it will 
imbibe Part of the Liquor, and ſo its ſpecific Gravity 
will be alter'd, and conſequently the Experiment can- 
not be juſt, If it be of Glaſs; it will be ſubject to 
break, and will ſtand in need of Screws, Solder, Lea- 
ther, Sc. to make the Parts tight, which will be 
found alſo both inaccurate and inconvenient. The beſt 
Way therefore is, to have it made of Metal, viz. of 


Copper; with a Braſs Stem above, ſolder'd on; and 
e ee 
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1 TAE HyBROSTATIC-BALANCE is alſo 
an Inſtrument invented on the ſame Prin- 


1 | -  aple, 
'F a Braſs Ball below to ſcrew on with a very nice Shoul. 
'F der ; then every. Part will be durable, and very ſecure 
1 from any Alteration of its Weight. * Is 
1 4. When this Inſtrument is ſwimming in the Li- 

I. quor, the Part of the Fluid diſplaced by it will be equal 

in Bulk to the Part of the Inſtrument under Water, 
and equal in Weight to the Weight of the whole 
| Inſtrument. Suppoſe the Weight of the Whole were 

4000 Grains, then *tis evident we can by this Means 
compare together the different Bulks of 4000 Grains of 
various Sorts of Fluids. For if the Weight F be ſuch 
as ſhall cauſe the Hydrometer to fink in Rain-Water, 
till its Surface comes to the middle Point of the Stem 
G; and if after this, it be immerſed in common Spring 
Water, and the Surface obſerved to ſtand 4 of an Inch 
below the middle Point G, *tis evident that the ſame 
Weight of each Water differs in Bulk only by the Mag- 
nitude of one Tenth of an Inch in the Stem. 

5. Now ſuppoſe the Stem were 10 Inches long, and 
weigh'd 100 Grains; then every roth of an Inch would / 
be 1 Grain Weight, and ſince the Stem is of Braſs,' 
and Braſs is about 8 Times heavier than Water, the ſame 
Bulk of Water will be equal to + of a Grain; and con- 
ſequently to the g of 4% Part, that is a 32000dth 
Part of the whole Bulk, which is a Degree of Exact- 
neſs as great as can be deſired. Yet the Inſtrument is 
capable of ſtill greater, by making the Stem or Neck 
to conſiſt of a flat thin Slip of Braſs, inſtead of one that 
is round or cylindrical : By this Means we increaſe the 
Surface, which is the moſt requiſite Thing; and dimi- 
niſh the Solidity, by which the Inſtrument is render'd 
more exact, | 5 * „ $9 

6. In order to adapt this Inſtrument to all Sorts of 
Uſes, there ought to be two different Stems to ſerew on 
and off in a ſmall Hole at A. One Stem ſhould be 
ſuch a nice thin Slip of Braſs, or rather of Steel, like 
a Watch-Spring ſet ſtrait, as J have juſt mentioned, on 
one Side of which ought to be the ſeveral Marks, or 
Diviſions, to which it will ſink in various Sorts of Wa- 
ter, as Rain-Water, River-Water, Spring- II. = 

ta- 
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ciple. By it we have na moſt uſeful and ready | 


Method of finding, the various comparative or 
ſpecific Gravities of Fluids and ſolid Bodies, 
: . 2 | o 


Sea-Water, Salt-Spring-Water, &c. And on the other 
Side you mark the Diviſion to which it ſinks in va- 
rious lighter Fluids, as Hot-Bath-Water, Briſtol-Wa- 
ter, Lincomb-Water, Cheltenbam-Water, Port-Wine, 
Mountain, Madeira, and various other Sorts of Wine. 
But in this Caſe, the Weight F on the Top muſt be a 
little leſs than before, when it was uſed for the heavier 
Waters, | 

7. But in Caſe of trying the Strength of ſpirituous 
Liquors, a common cylindric Stem will do beſt, be- 
cauſe of its Strength and Steadineſs; and this ought to 
be ſo contrived, that when immerſed in what is called 
Proof- Spirit, the Surface of the Spirit may be upon the 
middle Point G, which is eaſily done by duly adjuſt- 
ing the ſmall Weight F on the Top, and making the 
Stem of ſuch a Length, that when immerſed in Wa- 
ter, it may juſt cover the Ball, or riſe to A; but when 
immerſed in pure Spirit, it may riſe to the Top at F; 
then by dividing the upper and lower Parts GA, GF, 
into ten equal Parts each, when the Inſtrument is im- 
merſed into any Sort of ſpirituous Liquor, it will imme- 
diately ſhew how much it is above or below Proof. 

8. This Proof Spirit conſiſts of half Water, and half 


Alcohol, or pure Spirit, that is, ſuch as when poured | 


upon Gun- powder, and ſet on Fire, will burn all 
away, and permit the Powder to take Fire, which it 


will, and flaſh as in the open Air, But if the Spirit be 


not ſo highly rectified, there will remain ſome. Phlegm 
or Water, which will make the Powder wet, and unfit 
to'tace Fire, This Proof Spirit of any Kind weighs 
ſeven Pounds twelve Ounces per Gallon. 

9. The common Method of ſhaking the Spirits in a 
Vial, and by raiſing a Crown of Bubbles, to judge by 
the Manner of their riſing and breaking away, whether 
the Spirit be Proof or near it, is very precarious, and ca- 
pable of great Fallacy, There is no way ſo eaſy, quick, 
certain, and philoſophical, as this by the Hydrometer, 
which will demonſtrate infallibly the Difference of 

Bulks, 
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to the laſt Degree of Accuracy; eſpecially 
in the New Structure and Method of ufing 
it, as repreſented in Plate XV. Fig. 4. 
The Parts of which are as follow; AB, 
the Foot on which it ſtands; CD, a Pil- 
lar ſupporting a moveable Braſs Plate EF, 
faſtened thereto by the Screw in the Knob 
e. In the End of this Plate is fix'd an up- 
right Piece IK, ſupporting another Plate 


GH, which ſlides backwards and forwards 


thereon, and is moveable every way about 
it. In the End of this Plate, at H, is 
fix'd (by a Nut beneath) a' Wire LM, 


tap'd with a fine Thread from one End to 


the other; upon this moves the Swan-Neck 
Slip of Braſs NO, to which a very exact 
Balance is hung at the Point N; to one of 
whoſe Scales P is appended the heavy Bo- 
dy R, by a fine Horſe-hair or Piece of Silk 
S: The Weight of the ſaid Body R in the 
Air is expreſs'd by the Weights put into 
the Scale Q to make an Equilibrium there- 
with, which being deſtroy'd by immerging 
the Solid in the Fluid TV, contain'd in 


the Glaſs WV, is again reſtor'd by Weights 


put into the Scale B. So that the Weights 
in the Scale Q compared with thoſe in the Scale 
| | 1 P, ſbew 


Bulks, and conſequently ſpecific Gravities, in equal 
Weights of Spirits, to the 30, 40, or 50 thouſandth 
Part of the Whole, which is a Degree of Accuracy, 
beyond which nothing can be defir'd, 4 


FY 
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P, ſhew af once the ſpecific Gravity of the Solid 
R to that of the Fluid TV (LXIII). 

THE ſpecific Gravity of Fluids is rea- 
dily determined by weighing one and the 


ſame 

(LXIII) 1. The Reaſon why I have given no Ac- 
count or Figure"of the Common Hydroſtatic Balance, is 
becauſe it is every where to be found in Books of this 
Sort ; but principally, becauſe I would adviſe Gentle- 
men to the Uſe of that exhibited in the Lectures, which 
they will find far more expeditious and exact, and there- 
fore much better fitted to anſwer the End of ſuch an 
Inſtrument. For this Method of ſuſpending the Solid 
to be weighed by a Horſe-Hair, or fine Silk, requires 
not the large heavy Glaſs-Bucket (as in the Common Hy- 
droſtatic Balance) to find the ſpecific Gravities of Solids; 
or the heavy Glaſs-Bubble to find thoſe of Fluids; and 
therefore the Weight being reduced, the Balance ma 
be ſmaller and nicer, and conſequently ſuch as will 
turn with a lefſ:r Difference of Weight. , 

2. The different Gravities of Solids being firſt com- 
pared with that of Water, are then eafily compared 
with each other; for let'S be the Weight of one Solid, 
s the Weight of any other, and W the Weight of 
Water, all of equal Bulks; and let S: W:: 5: 1, 
and s: W:: 7: 1; therefore 5 W =S, and 7 WS iS; 
conſequently 8: :: 5 W: W:: 5: 7; that is, the 
ſpecihc Gravities of the Solids 8 and s are as 5 to 7. 
And in the fame Manner the ſpecific Gravities of 
Fluids are compared, being firſt compared with that of 
any one Solid, 

3. As the very Notion of ce Gravity implies 
Compariſon, ſo there muſt be ſome Sort of Body fixed 
upon, whoſe Gravity muſt be made a Standard for the 
Gravities of other Bodies of equal Bulk to be compared 
with. This Standard Body muſt have two Properties; 
hrſt, it muſt be eaſy to be had or come at upon all 


| Occaſions ; and ſecondly, it muſt be of a fixed unal- 


terable Nature, or at all Times the ſame, that there 
may be no Variation of its Gravity in equal Bulks, in 
different Times or Places. Now it is certain ſuch a 
Body muſt be of the Fluid Kind, becauſe the beſt Way 
of finding ſpecific Gravities is by Immerſion, 
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ſame ſolid Body in them ſeverally; for 
ſince we ſuppoſe the Balance in Equilibria 
. 

4. Among Fluids there are none which promiſe the 
Requiſites for a Standard ſo fairly as Water. Vet here 
we find various Kinds, and of different Gravities, and 
none which are quite unexceptionable. Rain Water 
is the moſt ſo of any, (but this is not always at Hand) 
its ſpecific Gravity being ſo nearly always the ſame, 
that could it be always had, it would anſwer all our 
Purpoſes very well. However, common Water, by 
means of the Hydcometer, might be always made a 
Standard in the following Manner. 

5. Let there be a Quantity of Salt diſſolved in 
Spring-Water to give it a Body or Denſity, a little 
greater than = Water of, that Kind can be ſuppoſed 
to have naturally, Then let a very exact Hydrometer 
be ſet to float therein, and obſerve at what Diviſion of 
the Neck the Surface of Water ſtands ; and that will 
he the Point, to which the Hydrometer ought to fink 
in the Water deſigned for theſe Experiments, and 
which it may eaſily be made to do by the Solution of 
Salt therein, or a Mixture of Salt-Water therewith. 
And a better Method than this, for procuring a Stan- 
dard Fluid, J am not able to think of. | 

6. By this Method I only propoſe to fix a Standard 
for very nice Enquiries ; but for common Uſes, common 
Mater will do, whoſe Gravity muſt be "repreſented by 
Unity or 1, or (in caſe of conſtructing Tables with 
great Accuracy) by 1,000, where three Cyphers are 
added to give room to expreſs the Ratios of other 
Gravities in larger Numbers in the Table. In doing 
this, we have a twofold Advantage; the firſt is, that 
by this Means we can expreſs the ſpecific Gravities of 
Bodies to a much greater Degree of Accuracy and Ex- 
actneſs. The ſecond is, that the Numbers of the Table 
do alſo expreſs the Ounces Averdupois contained in 2 


| Cubic Foot of every Sort of Matter therein ſpecified, 


becauſe a cubic Foot of common Water is found, by 

Experiment, to weigh very nicely 1000 Ounces. 

7. Now an Ounce Averdupois weighs 4.37% Grains, 
| | and 


— — - = — — — — ——— —H—äjÿ4—ää—— 


. r a coo ﬀqckmcnnicin ce c erect os. 2 5 E 2 


2 


Vol. I. P.2#7. 


| 


00 - BY | 
WW: | 


F * 
EClmmmp mm 
7 * 


Wl 0 


ee | 


H 


ff * , 
Fs 
4 4 


mum 


2 
5 
' 
. 


5 5 


e 
f 


dd. 


5 955 
& 
& , - | * 5 a l 


— 


Hv DROSTAT ICS. 


with the Body ſuſpended in the Air, the 


Equilibrium will be deſtroyed when the 
| Bold 


and an Ounce Trey contains 480 Grains, therefore the 
Averdupois Ounce is to the Troy Ounce as 437+ to 480, 


or, as 51 to 56 nearly. The Averdupois Pound is to 


the Trey Pound as 4373 X 16 7000, to 480 X 12 = 
5760, that is, as 17 to 14 nearly; ſo thata cubic Foot 
of Water weighs 624 1b, Averdupois, and nearly 76 1b. 
Troy. And hence it is that ſuch a Table becomes ſo 
uſeful in the Solution of various phyſical and mathema- 
tical Problems, and Science of Geometry, extended by 
Hydroftatic Principles. t 

8. From what has been ſaid, nothing can be eaſier 
to be underſtood, than the Method or Praxis of the 
Hydroſtatic Balance, for finding the ſpecific Gravities 
7 all ſuch Solids as are heavier than Fluids, and will 
ſink in them; but for thoſe which are lighter, as Wood, 
Cork, &c. and will not be totally immerſed, a diffe- 
rent Method muſt be taken, viz., the lighter is to be 
connected to an heavier, and ſo both together to he 
immerſed into the Fluid, as one compound Body, and 
its ſpecific Gravity thus determined; then having the 
ſpecihc Gravity of the heavier Body, and of the com- 
pound, that of the lighter Body will be eaſily found. 

9. For ſuppoſe to a Piece of Copper, weighing 18 
Grains, be tied a Piece of Elm Wood, weighing 15 
Grains, then will the Compound weigh 33 Grains : 
Again, ſuppoſe the Copper alone in Water weighed 16 
Grains, and the Compound only 6 Grains; the Los 
of Weight in the Compound will be 27 ＋ 33 — 6) 
which is the Weight of an equal Bulk of Water: If 
from this we ſubtract 2 (the Loſs of Weight in the 
Copper, and Weight of an equal Bulk of Water) the 
Remainder 25 will be the Weight of a Bulk of Water, 
equal tothat of the Elm, But the Weight of the Elm was 
15 Grains: The ſpecific Gravity therefore of Water 
is to that of Elm-W ood, as 25 to 15, or, as 1 to 0,6. 

10. Another Way more fimple to find the ſpecific 
Gravities of light Bodies (without tying them to heavy 


ones) is as follows, ABCD is a Veſſel of Water, 
in 
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Solid is immerſed in the Fluid, and muſt 


be then xeſtored by Weights put into that 


Scale 


in which is placed a- ſmall Pulley E, on a Foot P; G 


is a light Bedy floating on the de of Water; HI is 
a Balance, Þ a Horſe-Hair going round the Pulley, 
and connecting che light Body G to the End of the Ba- 
lance, Now let the Veſſel be placed in ſuch a Man- 
ner, that the Body Gcrefuſing to go under Water, 
may drawathe Balance H out of an horizontal Poſi- 
tion; then ſueh a Weight L, placed on the Scale K, a 
will draw the Body G under Water, and reſtore the 
horizontal Poſition, or Equilibrium of the Balance, will 
diſcover the ſpecific Gravity of the Body G. 
11. For ſince Bodies aſcend, as well as deſcend, by 
theDiferences of ſpecific Gravities, or relative Weight; 
it is plain the Weight L, that detains the Body under 
Water, muſt be equal to the Exceſs of the Weight of 
the Fluid above that of the Solid under equal Bulks, 
and therefore the Weight L, added to that of the Body, 
will give the Weight of an equal Bulk of Water, and 
of Courſe the ſpecific Gravity, For Example, let the 
Body G be a Piece of Elm-Wood weighing 36 Graing, 
and the Weight L ſufficient to detain or keep it under 
Water, will be found equal to 24 Grains; then 46 + 
24 = bo = the Weight of Water equal in Bulk to 
the Elm. Conſequently the ſpecific Gravity of Wa- 
ter is to that of Elm, as 60 to 36, that is, as 1 to 0,6; 
the fame as was found before. Note, the Weight of 
the Scale K muſt be added to the Weight L, becauſe 
it is all the Force upon the Point H that keeps the Body 
under Water. | 4 
12. There is yet another Way, and that a very good 
one, for finding the ſpecific Gravities ef ſuch Liquors 
as will not mix with each other, as Water and all 
Kinds of Oil; it is thus : Let AB CD be a Veſſel of 
Water to the Height EF, and G H a Tube dipt in Oil 
firſt, for the Oil to riſe a ſufficient Height therein, when 
the upper Orifice H is to be ſtopped cloſe with the 
Finger, and thus immerſed into the Water of the 
Veſſel; then the Finger being taken away, the Oil 
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Scale to which the Body is appended, 


Theſe Weights will ſeverally expreſs the 
| | Gravities 


will ſubſide and ſtand at the Altitude G I in the Tube. 


Now ſince this Column of Oil is balanced ar ſuſtained 


by a Column of Water of an equal Baſe and Altitude - 
CF, and the Denſities of Fluids are reciprocally as the 


Bulks, the fpecific Gravities (which are as the Den- 
ſities) will be as the Bulks, that is, the Altitudes re- 
ciprocally, (becauſe the 1 of Matter is the ſame 
in both) therefore if G | 

ſpeciic Gravity of the Oil will be to that of the Wa- 


ter, as 87 to 100, or that of the Water to that of the 


Oil, as 1,000 to 0,87. 


13. In like Manner, if A B CD be a long Tube 


with a little Mercury poured in to a ſmall Height 6 c, 
and then a ſmall Tube à e, open at both Ends, be put 


into it; and laſtly, if Water be poured into the large 


Tube upon the Mercury to the Height of 14 Inches, 
it will by its Preſſure raiſe the Mercury to the Height 6 
of one fach in the ſmall Tube above the Surface of 
that in the large one; which ſhews that the ſpecific 
Gravity of Mercury is to that of Water nearly as 14 
to 1. As will appear by the Experiment if accurately 
made, ; F 

14. Once more ; another Way, which in ſome 
Caſes may do very well, to find the ſpecific Gravities of 
any different Liquids, is by Means of a recurved Tube 
AD G, in which if Quickſilver be poured firſt to fill 
the Bottom Part, and then one Liquid into one L 
and another Liquid into the other Leg, in ſuch Man- 
ner that they preſs on the Quickſilver on each Side 
equally, which will appear by the Surface on each Side 
being in the ſame horizontal Line C E; then will the 
ſpecifie Gravity of the Liquid in the Leg A C be to 
that in the Leg E G, as the Altitude of the latter E F 
to the Altitude of the former CB. B 

15. By the Table of ſpecific Gravities it appears that 
Gold is the heavieſt Body in Nature, and that Mer- 
cury is next to it in Gravity; and conſequently Gold 
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100, and C.F=8y, the 
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Gravities of an equal Bulk of the refpee. M th 
tive Fluids; and confequently, they may MW of 
* | thus 


only will fink in Mercury; therefore by weighing Gold 
in Mercury and Water, the ſpecific Cm theſe 
two Fluids may be determined by the Hydroſtatic Ba. 
lance : But fince Mercury will readily adhere to Gold, 
it will create us ſome Trouble in getting it off again, 
which muſt be done by Fire, or. Aqua ir; as the 
latter is not always at hand, it is common ta put Gold 
into the Fire, but Care muſt be taken not to put it into 
a Coal Fire, becauſe the acid Spirit of the Sulphur will 
leſſen the Coheſion of the Particles of the Gold, and fo 
render it very brittle, and apt to break, eſpecially when 
laid on a cold Stone to cool; the beſt way therefore to 
find the ſpecific Gravities of theſe Fluids is that abore 
directed in Art. 13. 


16. ATABLE of SPECIFIC GRAPITIES. 


i Of METALS. 
Fine or pure Gold, . 19,640 
Gold of a Guinea of George II. I7,150 
Gold of a Moidore, 17,140 
Silver fine or pure, 11,091 
Silver of a Shilling of George II. 10,000 
Lead, 10, 130 
Copper, S 9,000 
' Braſs caſt, 850 
>— wrought, - 000 
| Steel tempered, ' 7704 
| Iron, 7,645 
Tin, 1550 
17. MINERALS, ORES, &c. 
Copper Ore, 3775 
Lead Ore, 6,809 
Biſmuth, 700 
Turbith Mineral, 92 35 


Antimony from Germary, | 4,000 
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thus bas compared with each other, or all 
of them with the Gravity of ca a- 


ter, 
Antimony from Hungarr. 400 
Speltar, W 
18. STONES, FOSSILS, Gr. 
Adamant or Diamond, ee ee 
A Pſeudo-Topa ' ; 4,270 
A 1 0 emen 
A Pſeudo-Iaſ he's tan 30 = 2:68 
A Bohemian Granate 42 
Swediſb Granate, ee 
Onyx-Stone, | 2,510 
A Cornelian, 2,5 
An Engliſ Agate, 2,512 
Turcois Stone, 8 2, 508 
Sardrachates, 3 598 
jp A golden Marcaſite, | 4,589 
Rock Cryſtal, | 2,659 
Hand Cryſtal, 2,720 
Lapis Nephriticus, 2,894 
Lapis Lazuli, 3954 
Lapis Hzmatites, 4,360 
Lapis Calaminaris, | 5,000 
Lapis Judaicus, | 2,500 
Lapis Manati, 2,270 
LapisAmianthus, or Aſbeſtos from / alas, 2,913 
—— ditto, from 1taly, 2,360 
Glafs of the common Sort, 2,666 
Flint, 115 2542 
Black Jralian Marble, | 2,704 
A White /talian ditto, 2,707 
A fine Marble, | 2,700 
Another ditto of Italy, 2,718 
A pellucid Pebble, 2,641 
A Selenitis, „ 
Mundick, or Gold Spar, | 4,430 
Kidney Stone, 23,60 
Blue Stone, ö 2,740 
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ter, as uſual, and diſpoſed in a proper 


Table; making that of Water 1, oo. 110 
| | Is 
Star Stone, OR 3,450 
Hard Paving Stone, 
Burford Stone, 049 
Aldetier \ | ö — 7 
| Rag-Stone, 24470 
4 Rotten-Stone, 1,980 
Copperas-Stone, 4 300 
Chalk, 2,370 
Slate, 23740 
Oil-Stone, 2,380 
An Hone, a | 2,388 
China, 2,270 
Piece of Brown Stone Bottle, 12 15,777 
Piece of White Stone Mug, 2, 250 
Talc, 2,657 

| — of Venice, 25,780 
| —— of Jamaica, | 3,000 
| Armenian Bole, or Earth, 2,727 

Common Sea Coal, 13272 
Magnet, or Loadſtone, 1,840 
Piece of Stonehenge, very hard, 2,518 
Atto, of a ſofter Sort, 2, 500 
—_— Stone, | 2,3510 
19. ANIMAL SUBSTANCES.- 

j Bone of an Ox, a 
| Ivory, 1,826 
The Tip of a Rhinoceros's Horn, 1,42 

7 of an Ox Horn, 1--1;840 
_ of a Stag's Horn, 1,875 
Calculus humanus, 1,700 
Ditto 1,240 
Ditto 1,4 : 
Ditto 'F 

Oyſter-Shell, 2,092 


Murex-Shell, 2,590 
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In the fame Manner, if divers Solids 
are firſt weighed in Air; and then after- 


er 


N 


wards 

A Cockle-Shell, 2,520 
Mother of Pearl, 2,480 
A Piece of hard Fiſh Skin, 1,621 
A Piece of dried Fleſh of Fiſh, . 1,129 
The Quill Part of a Feather, 1,330 

20. VEGETABLE SUBSTANCES, 
Dry Box-Wood, I,030 
Dry Oak, 9, 925 
Dry Elm, 0,600 
Dry Aſh ſappy, 0,734 
Ditto more dry, about the Heart, o, 845 
Dry Maple, 0,755 
Dry Fir, 0,546 
Dry Cedar, 0,600 
Dry Walnut-tree, , 631 
Dry Yew, , 760 
Beach meanly dried, | - , 0,8 54 
Crab-tree meanly dried, 0,765 
Lignum Vitz, 1,327 
Lignum Nephriticum, | 1, 200 
Lignum Aloes, 1,777 
Lignum Brazilicum, 1,030 
Lignum Rhodium, WET. 1,125 
Lignum Aſphaltum, 1,179 
Lignum Guaiacum, gs 
Saſſafras Wood, 0, 482 
Red Wood, N # oi, HON 
Red Santalum Wood. 135,128 
White ditto, R:; 154 
Citrine ditto, 0,809 
Speckled Wood of Virginia, 7,313 
Maſtic Wood, 0, 849 
Ebony, 1,177 
Cor k, 0,240 
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Good Wheat of the laſt voy 


Artificial, 

—— Antimony, 
The reputed Silver Ore of Wales, 
The Metal thence extracted, 
Ceruſe, 

Tartar Common, 

—  Emetic *" 

——  Vitriol, 

Cream of Tartar, 
Camphire, 

Mercury Crude, 


wards immerſed in the ſame Fluid, as Wa- 
ter, for Inſtance, the Equilibrium will be 
deſtroy'd ; 


0,7 
White Oats, Af. 
Blue Peaſe, 2 9 
White Peaſe v 
Barley of the 1 N Year, 
Malk made of the ſame, og 
Field Beans very dry, 8 80) 
heaten Meal unſifted, 0,495 
e Meal unſifted, 0, 454 
Vood-Aſnes, o, 9 30 
21. MISCELLANEOUS SUBSTANCES. 
8 22 
1,238 
Bezvar Oriental, 1,530: 
Occidental, 1, 500 
Sulphur Common, 1,800, 
Vivum, 2,000. 
Zorax, 1,720 
ood petrified, 341 
Coral Red, 
— White, 
Corallachates, 
Cinnabar Natural, 
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deftroy'd ; ; which will be reſtored, 44. bes 
fore, by putting in ſo much Weight as is 


diſtilled ons, 13,576 
Sublimed 511 Times, 14,110 
Glaſs of Antimony, $5,280 
Vitridl of Dantzict, 1,715 
— Engliſb, 1, 880 
—— White, ; 
Sal Gemmæ, 
— rr 
— Polychre 
— +» 298 
— Aftrabile Glauberi, 
Salt of Hartſhorn 
8alt of Vitriol, 


Crafſamentum of the human Blood, 
Serum of the human Blood, 
Piece of petrified Bone, 


22. Of FLUIDS. 


Rain Water, 1,008 
Diſtilled Water, e 


v4 
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equal to the Weight of the ſame Bulk of 


Water: The Gravity, therefore, of every 
18 oe | : Solid 


Well or Spring Water, 
River W ater, "15> 
Sea Water, 

Aqua Fortis, 
Aqua Regia, 


Oil of Clove Gilliflowers, . 


Oil of Amber, 
Oil of Aniſeed, 
Oil of Carawray- ſeed, 
Oil of Linſeed, | 
Oil of Mint, 
= of 2 

il of Orange, 
Oil of Origany, 
Oil of Roſemary, 
Oil of Saſſafras, 
Oil of Spikenard, 
Oil of Turpentine, 
Spirit of Turpentine, 


Spirit of Wine rectified. 
Ethereal Spirit of Wine, 


Spirit of Vitriol, 
Spirit of Amber, 
Spirit of Hartſhorn, 
Spirit of Urine, 
Spirit of Honey, 
Spirit of Nitre, 


NI. 


1 Spirit of Sea-Salt, 45 
op of Tartar, 


incture of Antimony, 
Butter of Antimony/, 


Balfam of 75, 


yy Burgun V Wine, 513 


Ditta rectified. 


Liciwium of Salt of Tartar 


4 


Soli 
con 
Tal 


HyDROSTATICS. 
Solid is thus compared wilt Water, atid 
conſequently with each other; as in the 
Table below. , 


Cangry, 17032 
Red Wine from Penta. 0,993 
White Wine Vinegar, 1017 
Diſtilled Vinegar, 18030 
Milk of Goats, Ur: - 1,009, 
Cow's Milk, 2 „ i 
Urine, | Dine 12938 


; 1 1 5 a | 

23. Since all Bodies are ſubject to expids with Heat, 
and be condenſed with. Cold, it muſt follow, that the 
ſpecific Gravities of Bodies cannot be preciſely the ſame 
both in Summer and Winter. This was firſt obſerved 
in Experiments by M. Homberg, and after h by M. 
Eiſenſchmid, who found the abſolute Weight of a, cubic 
Inch of ſeveral Sorts of Bodies in Summer and Win- 
ter were ſenſibly different in each other, but upon ex- 
amining the Numbers in his Table I find they are very 
erroneous, and have left them out in this Edition, and 
ſhall only obſerve, that this Affair may be rendered more 
apparent by taking the ſhecific Gravities of theſe Liquors, 
(1.) when they are very cold; (2.) when they are retty 
warm; and (3.) when they are very, hot; for in theſe 
feveral Caſes che Subject wil diſcover a much leſs Den- 
ſity or Weight in equal Bulks, either by the Common 
or Hydroſtatic Balance, But there is no Met 19 55 this 
Caſe ſo accurate as examining the different Bulls and 
Gravities of Fluids by the, Nivifions of Farenheit's 
Thermometer from the Degree & 2 a; freezing 


I 


Mixture, to Heat of boiling Water, and; tabulating the 


Obſervations. ee, ot OAH + oaneh 

24. And as in this, and may other Caſes, it x re- 
quired tobe very exact in — 1 SER be- 
yond what is r e 5 wa 
the Inſtrument itſelf, I ſhall here giv the eader an Ac- 
count of an Improvement of the Seh alance in 


this Reſpect, from the late learned S Graveſande; and 
4 it 
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. 


1 Vin of Life will Me te from the 


follow- 


ie wil be the gde in tis Pls as if de. 
pends on an hydroſtatic Principle his Inſtrument 
ſerves equally for Exactneſs in common: as in en 
tical Matters. 

25. The Figure of the Machine repreſedtd the Ba- 


has in its hydroſtatie Uſe. 1 ſhall firſt deferibe the 


Machine; ſhew the new-cont:ived Artifice 


2 


- Exactneſs; and, laſtly, give an Inſtance of ie univer- 


Side by . — ing 
Su peter 'Hartiefv ig 9 LN 
the oo 3 — Inden fixed Above it, 


ſal Uſe. VC G i is the Stand or Pillar fixed in the 
Table. From the T at A hangs, by two filken 
Strin the — iece'or Bar BB; "frown which 
is fulßended, 4 Ri ut % de fine Bram df a 

lance bi ach kept Tre Nr N 


diſti dieular Poſition of ihe Dann 5 
26. The by which the Balance is" 


paſſing over tos leys;” on on each Site this Plies 
A, 


tom of Sach Seals is Rug by u fine Hock & Braſs/Wire 
a 4, es eſe pl es Holes * pores + 
„Table and te the wee is fuſpended # ny 


* 


eon be re 
| th crew DE * wny Part of the ſquare 
Braſs Ra 


fol th reſt of th 


k NE, Wire! r * perlorat 5 at es — End ie N 


go down 't6'the heben en the other Side; And ile 
bung ber the Hook at's 5 "wWHich"Hook;"by ieins'of 
4 Ser b. b mopeable bout Tf Inch Bae und 
forwards, and rherefore'the" Balance may be raiſed ot 
depreſſed'is'r pil. "But i 1 greater Elevatibn or De 
wean ich Carries 


veto fy of 4 Sew. 
ahce being this ded 
arhtts is as follows: HH ies 
ble fixed N 4 Piece D, under das Stader 4 

5 „And is moveable up d down in à Tetig lit n 
the Pillar 25e O, wh etfiched at any Part Wär s 
Screw Þehi e Point th the Middte bf me Bot- 


72 an; EN 
jo The ob of the 


an leup: poſe, 


W * 
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following Inftances ; - 'baving firſt 


miſed, (What is found by — 
that a Cubic Foot 7 common Water weighs, 


This Wien f v. Sew with Papet luated 


equal Divihons, and is about five Tnches 
28. In the Corner of the Table at E is Pay. a Braſs 


| Tide, in which a round Wire + J is fo adapted as to 
move neither too hard nor too freely by its flat Head I. 
Upon the lower Part of this moves another "Tube Q. 


which has Friction enough to cauſe it to remain in any 

Pofition required; to this is fixed an Index L, 

horizontally when the Wire 571 is turned about, 2 

therefore may be — þ of {et to the graduated Wire r s. 
To the lower he Wire r h 


8 and that y Wite þ = with fl 6 | 


Ball g, about + of an Be i Ne. On the other 
Side, to the Wire 4 c hangy Glaſs Bubble R 
2 Horſe-hair. Let us —__ ppoſe the Weight 
taken away, and the Wire þ apy ava rd, and 
on the ther Side let the Bubble R be taken way; and 
th: Weight F ' ſuſpended in its Room at c. This 
Weight we ſuppoſe to be ſuch as will keep in Equi- 
libris with the feveral Parts appended to the other Scale, 
at the ſame Time that the middle Point of the Wire 
p n is in the Surface of the Water in the Veſſel N. 

30. The Wire pn is. to be of ſuch a Size, that the 


Los of one Inch ſhall wei four Grains. Hence 


it is evident, ſince Brafs is eight Times heavier than 
Water, (ſee. Art. 6.) that for Inch the Wire 
ſinks in the Water, it will er a Grain lighter, 
and half a Grain heavier, for qyery Inch it riſes out of 
the Water: e e by — 4 two Inches below 
the middle Point, two Inches above it, the 
Wire will become ons e e or heavier. So 

31. And therefore if Ne int 
the Surface of the Wateriin, A | 
{et to the middle Point & of the 


"he 
——— Wire Ti, 


and the Diſtance on gach Side à v and, &s contain - 


100 equal Parts; then, when in weighing Bodies the 
Weight 
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very exattly 1000' Ounces AY ee 
—_ * 4 Bal 4 ; which _— reduced 
$441? to 


Weight i is deſired to the 1 4140 Part of a Grain, it | 
may eaſily be had by proceeding in the following Man- 
ner. Let the Body to be weighed be placed in the 
Scale d, and put eig Scale e; and let 5 
be ſo determined, that one Gra more. ſhall 
much, and one Grain leſs oo little. ing as B. 
lance Da gently 14 e by Wa P, 
till the fibrinen be nicely ſhewn at o; 4 d then if 
the Index Abe at the middle Point (a) of the e Wire ris, 
it ſhews the Weights put into the Scale e arg juſt equal 
to the Weight of the Body 

2. But if the Index ＋ ſtand at any F 
and r, it ſhews He Number of G in 06,8 Scale 
were more.than equal fo the, 'Weig ht o ody i 
Scale 4, becauſe the Wie bhp now made þ ter a 
ſinking below the mid K 0 | 
Weights. put into the Scale 4 Grains 15 
the Index T cuts the, 0 Blasen ane 4 
that 36th hundzedth Parks of : A end are to be 4 
that the Weight of the Ba 8 1095 25436 Grains. — 5 


9 
the other Han ndex ſtaod £2 
che Div on below a, it Rei the 5 8 
in tile Scale - were more than e 815 to the 

the Body by 36 Hundredths of 3 i and that ther 
the Wel ke of the Body was 1994; 64 G0 By th 
Method we find the abſolure ght of the de the 
relative Weight. is found by weighing it bydroſtatically 
in Water as follows. 

36- Inſtead of putting the Body in che Sche 4, 4 
before, let it be appended with the Weight F at the 
Hook c, by a Horſe-hair as at R, ſu A the Veſſel 
of Water 8 were away; then the Fault a being 
made, the Index 1 Vftanding between a and 7, at 
the 36th Diviſion, ſhews the Weight of the Body 
1095,36 Grains. As it thus hangs, let it be immerſed 
in the Water of the Veſſel O, and it will become lighter 
by much; the Scale e will deſcend till the 8 a the 

ance 


2 e 


rr tw to 
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to Trey Weight, by conſidering, that the 
Averdupoit Pound is to the Troy, Pound as 
17 to 14, and the Averdupois Ounce to the 
Trey Ounce as 51 to 56. 

HENCE, 10 find the Quantity 77 Praſire 
againſt the Sluioe or Ban that pens the Ma- 
ter, we have this Rule: Multiply the Area 
of the: Sluice under Water by the Depth of 
the Centre of Grauiiy i m Feet, and my Pro- 
duct again by 62 54 the, Praducs will be the 
Number * Pounds required. Example: Ad- 


by £1 us it basn. I xSbnl 2 mit | | 5 
Balance reſts on. the ie ct 2. Then ſuppoſe 100 1 
Grains put rages ale reſtored the g Equilibrium pre- 


ciſely, ſo that the Index n Kok to the 36th 1 
viſion aboye a“: It is e e eig t of an e al Bulk 1 
of Water would i in e be exa 7 100 Grains. | 0 
35. But if the 1 ns in \the det Sage it to Wk; 
preponderate a lint” en by 8 Si * Screw P the 1 
Balance may be 1 5 2 
heavier ſtores th Ht 1 95 i. ndex IL 
cut the ek bat e above az 55 3 then 36—6=; 30, which 
ſhews that the Wire þ 1 is 92 = 51 2 2 Gra 1 beavier 
than before ; therefore the Frier of tl e Water j8,0n] 
9957 Grains; J Wh EY Grayity 1p t o that of of the : Boy 


is as to 1 requir 
3 A e er may this Bulingd Ne. © ap p- 


Piel to find the ſpecifi ravities of Flny which 
will not be. difficult tg 0 E > who, apc od What "has 
been already ſajd. 1 Prag 75 it W de we to 
uſe great . My every, Pariicy 1 Wire p n 


ſhould be a le Mble 
enough bf 1 12 5 he 5 e adhering 
thereto ; : Alf ala it, to be r very 


| gently, ap al 


t 
When 1. 80 e quili rum. ould of | 
bent . e. to ſee 33 


AW come fo again., , 
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mit the Length of the Sluice be 20 Feet, 
the Depth of Water 5 ; then will the Area 
under Water be 100 ſquare Feet; which 
multiplied by 2 2, the Depth of the Centie 
of Oravity, gives 2 50 cubic Feet; which 
again multiplied by 622, gives 1 So 1 
equal to 7 Tons nearly (LXIV )-: 


it follows, that the Numbets in the Table 
do alſo r the N umber * 3 


I - That the 17 aber gr" — 
by the Dept k of the Centie of bo gives che 
ber of ſolid f cet ee againſt the 93 1? 
evident from Auuot. Art, 't 1 te 
this Product is to be multi ed by 
wang Pounds is the Wel = of of one 25 cubic cab Fn 
Water > Annot, LXII. 4rt..7. 

This Example gives 2 Nutnbets whith 1 U 
*. a Pen ax was made acroſs a Rivet ; and thou 
it may ſeem wonderful that alt the Water its the River 
ſhould d affect the Pen with no Force of Preſſure, yet 
this will be found conſiſtent with the Laws 6f the Aﬀioh 


of Fluids, when that is underſtood which we have de- 


livered in | Gin. LVI. For the Water of the River 
does no otherwiſe influence the Pen, than as it ſu 
a Plane of fluid Particles to 4 certain Height in imme. 


diate Contact with the Pen. This ſingle Plane of Par- 


ticles it js that all the Preſſure on the Pen; and 
they would do Kühe could they be otherwiſe ſup- 
ported againſt it, if * the reſt of the Water in the 
River were taken awa Thus the Waters of the Sta 
or Ocean lying agaitr "any Dam or Bank will preſs it 
with no. greater Force than the leaſt Quantity o of Wa- 


ter ſtanding to the ſame Height, over the ſame Extent 


of the Dam. 


AGAIN : Sie the Weight of Bodies is ak 
ways as the \petifie' Gravity in equal Bulk, 


288.8 38 


SS 
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Ounces contained in a cubic Foot of each 
reſpective Sort of Matter therein mention'd. 
Therefore, I the Magnitude f any Bach be 
multiplied by the fptcific Gravity, | the 'Pro- 
duct will be its abfolute: Weight: Thus, Tup: 
poſe I would know what Weight of Lead 
will cover a Church whoſe Area is 30000 
Feet, and the IThickneſs of the Lead 43, 
of a Foot: Then per Rule, {30000 X+35'=) 
300 X 11325 ==" 339750" ne 977 
Tons; the Weight required. +» 

Ann uſeful Problem is, to de the 
Magnitude of any Thing, when the Weight 
is known; which is done by. dividing the 
Weight by the Jpeeffc Gravity in the Table, 
the Quotient is the. Magnitude. e For 
Inſtance, What is the Magnitude of 115 
ral Fragments of Coral whoſe Weight is 
Ounces? Divide 7 by the n Gravity 
2690, the Quotient iS eve Of a cubic 
Foot: then wirr X a = 4 cubic 
Inches, very " nearly the Magnitude re- 
quired, 

ALso, by i the Magnitude and 
Weight, wwe can find the ſpecific Gravity, by 
dividing the Weight by the Magnitude in cubic 
Feet, Thus ſuppoſe a Piece of Marble con- 
tain 4 cubic Feet, and weighs 603 48. or 
10800 Ounces; then 2 = 2700, the 
ae Gravity required, as per Table. 
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the Silver (LXV). 
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Havixc given the ſpecific Gravity af 
Gold to Silver as 19 to 11, and ſuppaſe 


any Compound thereof, as King Hero's 


Crown, whole ſpecific Gravity is 16; to 


determine the Proportioa and Weight of the 
Gold and Silver employed in making it, fay, 
As the Difference of the fpecific Gravities of the 
Compound and the lighter Ingredient, viz. 5, 
i to the Difference of the ſpecific Gravities f 
the heavier Ingredient and the Compound, viz. 
3, ſo is the Bulk of Gold to that of Silver mad: 


wſe of. That is, if the whole Crown were 


divided in 8 Parts, the Gold would conſiſt of 
5, and the Silver of 3: Then the Magni- 
tudes 5 and 3, multiplied by the ſpecific 
Gravities 19 and 11 ſeverally, will give the 


Numbers 95 and 33, which expreſs the Pro- 


Portion of the Weight of the Gold to that of 


SINCE 


(LXV) 1. The Rules here given for ſolving the 
three firſt Problems are only thoſe Theorems expreſſed 
in Words which you find in Arnot. LVII. Art. 9, 10, 
11. But that which concerns the fourth, relating to 
King Hiero's Crown, I ſhall here demonſtrate as fol- 

ws : | | 

2. Let A and B be any two Sorts of Matter, and « 
and ô denote their ſpecihe Gravities ; the Compound 
made of thoſe two Bodies will be A+B; and letc 
be the ſpecific Gravity thereof. Then ſince the abſo- 
lute Weight of a Body is equal to its Bulk multiplied 
by its ſpecific Gravity (See Annot. LVII. Art. 10.) 
we ſhall have A a= Weight of the Body A, and Bb= 

| | Weight 
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$1NCE Bodies of different ſpecific Gra 
vices, equiponderating ach other in A 
21 I 0 bawnqo upon 


Weight of +. Body: ot of 


915 7 PETE 

he Com at, But” ; Tr 

＋ 5 * Thinks A a — Ac = Bi BB”; "Conſequeri 
= 


A:B:: . 2 8 05 
down where A is t tit 
Silver, and 1 e / 115 

3. When King Hine (ae 2 ue Wanke nad 
allayed the Gold Wich more. Sy neceſſary 
ſent to Archimedes to Sa . an the Fraud, 
if chere were any; this Tan e Was how 
at a loſs to think of any, 16. of, doing it; till one 
Day getting into a Tub fu CO Water, to bathe 
ningfeſf, f, he obſerved,” that a . d the Tub the 
Water ran out, and be ade, ſaw it muſt follow, 
that if the Tub were full, og Water ,which ran out. 
2 his Immerſion, mu be equi in Bulk to =, 

od 1 A. 

A the Philoſopher % n thus o xeaſo a: If 
I immerſe the Crown. in 2 1 Vece fn ull of IR it will 
protrude as much as is equal to its Bulk. If after this 
[ immerſe the ſame Weight of pure Gold, and pure 
Silver, I ſhall get Bulks of Water equal to each ; con- 
ſequently having the Bulks of Gold, Silver, and 755 
of equal Weight, I have the erte Gravities 
muſt be as the, Bulks verily, Then I proce fad 
the Ratio, or Proportion gf Gag to the "$1 le In, beg 
Crown as follows. 


5. Suppoſe A M L. B bez; Veſſel f 175 
to the Height DC, n the 11 0 Gold 18 
in Weight to the 'C Crew 8. merſ . o t 

Fe 05 


Water, raiſes the 775 Fg an | th at 
the Maſs of WY 5 e 1 5 ial 85 


the Surface to G; . 25405 ($4 


above C be divided pm 1992 18 985 5 rf 
the Gold an 


and DG 19; it is 

Silver will be as D F 0 e I pecific Gravi- 

m as DG to D F. Laffly, i f the a, 1 immerſed, 
r it 


= 


Pl. XVI. 
Fig. 5+ 
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upon being immerſed into Water, will 
have the Eguilibrium immediately deſtroyed 
it will raiſe. the Surface to E, ſo that D E = 10. 
Whence e Proportion of the Bulks of the Gold and 
Silver in the Crown may be determined,”  __ 
6. For ſince the Difference of ſpecific Gravities of 
the Gold and Silver is DG—DF=FG=8; if the 
Bulk of the Crown be divided into 8 equal Parts, it is 
evident, that ſince the ſpecific Gravities of the debaſed 
an pure Gold Crowns will be as the Bulk 8 
that is, as D F to D E, we can eaſily find the Point H, 
which will expreſs the * Gravity of the former; 
for DE: DF :: DG: DH. Now the Point H al- 


ways divides the Difference F G into two Parts GH, 
H F, which have the ſame Proportion as the Parts of 
Silver in the Crown have to the Parts of Gold; for 
as the Point E aſcends, the Point H deſcends, and when 
E coincides with G, H falls upon E, and the Crown 
becomes all Silver; as on the contrary, when E de- N 
ſcends to F, and H aſcends to G, the Crown becomes a: 
all Gold; therefore every where F H will be to HG 
the Parts of Gold to the Parts of Silver in the Crown. 0 
7. Therefore, in the preſent Caſe, becauſe the Crown, 
when immerſed, raiſes the Water to the Height DE, 
and H is 3 Diviſions, below G, it ſhews that 3 of the 
8 Parts of the Crown are Silver, and conſequently the 
other 5 Parts are Gold, as H is 5 of the Divitions above 
F. Hence the Bulk of Gold in the Crown is to that 
of the Silver as 5 to 3, as before determined. That 
Archimedes took ſome Method like this is certain; and 
it is ſaid, he offered to Jupiter a Hecatomb of Oxen 
for inſpiring him with the Thought, | 
8. To the Problems in the Lecture, I ſhall add the ] 
following. Let there. be two Bodies A and B, one 
heavier, the other lighter than Water ; let their ſpe- | 
cific Gravities be à and i, and let the Weight of A be 
ven, and denoted by W; and let it be required to 
Fd what Weight (w) of the lighter Body B muſt be 
connected with the heavier, that ſo the Compound ſhall 
have the ſame ſpecific Gravity with Water. Now ” 
| 3 
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by the greater Reſiſtance of the Fluid, 
conſequently the greater Loſs of Weight in 


1 


1 


cafe A= and B , therefore A + B = . | 


wW « W b+wa . . * . 
— — = Bulk of 1 


its ſpecific Gravity (c) gives the Weight of Water 


Mts = W+w=the Weight of both the Bodies. 
9 88 


Whence we have W bc þ+wac=Wab+wab; 


and ſo Wc - Wab=wab—Wac; conſequently 


W bþc—W ab W &—W ab 


* 3. =w; orifc = 1, then we have 
ab—ac , : a b—a 


b—a b 


— X W=w=Weight of the Body B required. 
a b—a 
9. For Example; ſuppoſe the ſpecific Gravity of a 


Man's Body, Water, and Cork be as 10, 9, 21; then 


a4=10, c=9, and b$=2;; let W = 150 lb. = Weight 
of the Man's Body; then will — — 


ab—ac. 
5; therefore if ſuch a Man were to take 5 lb. of Cork 
with him into the Water, he would be of the ſame ſpe- 
cifie Gravity of the Water, and eyer ſo little more would 
make it impoſſible for him to fink; whence the Art of 
learning to ſwim might by this Problem be greatly fa- 
cilitated. | 
10. To find the Weight of a Globe of Water one Inch 
in Diameter. We ſhall here chuſe Trey Weight, where 


one Cubic Foot weighs 76 .; and therefore one cubic 
i X 20X 
Inch weighs 3 of a Pound, or . 


I2X12X12 I2XI2X12 
Grains, that is, — or 72 Grains. But in Geo- 
metry we prove the Cube is to its inſcribed Sphere as 1 
to 0,524 3 therefore as I : 0,524 : 7 132 Grains = 


the Weight of a Globe ra one Inch Diameter, | 
2 


* 
the 


| $07 
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the lighteſt and moſt bulky Body; theres 
fore it follows, that in buying Gold, which 
| | is 
11. To fina the Diameter of a Globe by” weighing it 


Haroſlatically. Let it firſt be weighed in Air, and then 


in Water, and the Difference of thoſe Weights will be 
the Weight of an equal Bulk or Globe of Water, which 
call W; now the Weights of homogeneous Bodies are 
as their Bulks, which (in Spheres) are as the Cubes of 
their Diameters. But the Weight of a Globe of Wa- 
ter 1 Inch in Diameter is 132 Grains (by Art. 10.) 
Therefore we ſay, As 132: W:: 1* ; Ds; whence 
— OY r ter of 
a conſequently Via = D = Diameter | 
the Globe required, | 7 
12. To find. the folid Content in Cubic Inches of any ir- 
regular Body. Let W — Difference of its Weight in 
Water and Air = Weight of an equal Bulk of Water. 
Then as the Weight of a cubic Inch of Water 192: W 


-. 


21: 755 * W = ſolid Content of the Body required. 


13. To find the Proportion of Magnitude between any 


two Bodies 1 Let each be weighed in Air and 
Water, and the Loſſes of Weight they each ſuſtain will 
be the Weights of two Bulks of Water, and equal to 
thoſe Bodies reſpectively; and conſequently will expreſs 
the Ratio of the Magnitudes of thoſe Bodies. 


SCHOLIUM, 


14. The Excellency of this Hydroftatic Method, 
above all others, appcars from hence, that it is univer- 
ſal, and equally adapted to all Sorts and Shapes of Bo- 
dies, which common Geometry is not. How would it 
puzzle a Geometrician to exhibit the juſt Dimenſions or 
Bulk of a Fiſh, for Inftance? How does the aukward 
Figure of his Body, the Appendage of Fins and Tail, 
elude the Principles of his Art ? Whilſt the Philoſopher 
immediately, and without any Trouble, gives the An- 
ſwer by his Hydroatic Balance. Again, were a Geo- 

3 meter 
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is heavier than Braſs, we ſhould chuſe the 
lebteft Air, i. e. when the Mercury in the 
Barometer ſtands loweſt; but in buying pre- 
ciaus 8 tones, | Pearls, e. which are lighter 
than Braſs, the - beſt Time to do it in is 
when the Air is heavieſt and moſt buoyant, viz. 
when the Quickſilver ſtands higheſt in the 
Parometer : But in felling Gold or Jewels, 
the. contrary Rules are to be obſerved in 
regard to the Gravity of the Air (LXVT), 

Once 


meter aſk'd, Which is biggeſt, a Guinea or a Shilling, 
and what the Difference? He would find it vain to 
conſult his Art, and muſt borrow his Aid and Anſwer 
from this moſt uſeful Science, which excels equally in 
Accuracy as Univerſality. 

(LXVI) 1. Since a cubic Inch of Gold weighs 
10, % Ounces Troy, and a cubic Inch of Air? of a 
Grain, when the Air is of a mean Gravity ; if we fay, 


24 


= the Parts of a Grain 


As 10,36 : 7 


which 12 Ounces or a Pound of Gold will loſe when the 
Air is in a mean State. Now ſince the Air, when it 
ſupports a Column of Mercury 28 Inches high, is 
lighter by 1 Part than when it ſuſtains a Column of 30 


Inches Height; therefore BY... 1 732 [ — 332252 
72,52 20 1450,44 


the Parts of a Grain which ſo much Air weighs when 
heavieſt, as is equal in Bulk to a Pound of Gold; and 


twice the Quantity, viz. re , = the Weight of 
I 4594 


Air equal in Bulk to two Pounds of Gold. But this is 0 
a little leſs than one Grain; let us ſuppoſe it one it 
Grain. | 
2. Then two Pounds of Gold will loſe of its Weight 
one Grain; and ſince Gold is twice as heavy as Braſs that 


X 3 it 
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Oct more: Since the Goodneſs. of Mine- 
ral Waters, Drugs, Metals, precious Stones, 


&. is beſt ſhewn. by their ſpecific Gravity, it 
will at once appear of what vaſt Importance 
the Hydroſtatic Balance is, and how abſo- 
lutely neceſſary in the Hands of every judi- 
cious Dealer in any ſuch Kind of Commo- 
dities (LXVII), (LX VII. 


it is weighed againft, the Braſs Weights will have twice 

the Bulk, and will there loſe no of its abſolute 
Weight. If an Equilibrium be now made, when the 
Air is lighteſt, or leſs by one Tenth of its former 
Weight, the Gold will loſe one Tenth of a Grain, and 
the Braſs will loſe two Tenths of a Grain; conſequent- 
ly the Buyer will get one Tenth of a Grain of Gold 
in this laſt State of the Air, more than he would have 
had in the former, or heavieſt State ; becauſe now one 
Tenth of a Grain more muſt be added to the Braſs to 
make an Equilibrium. And this in Value is the fifth 
Part of a Penny, reckoning Gold at Two-pence per 
Grain ; or one Part in 115200, 7 | 

3. Since the ſpecific Gravity of Diamond is to that 
of the Braſs Weights as 1 to 3, if we make an Equi- 
librium between the two Ponds of Braſs and Diamond, 
when the Braſs loſes two Tenths of a Grain, the Dia- 
mond will loſe fix Tenths of a Grain ; conſequent] 
four Tenths of a Grain muſt be ſubducted from the B 
for an Equilibrium in the lighteſt State of the Air, and 
ſo much the Buyer will loſe of Diamond more than 
when the Air is heavieſt of all ; which is about one 
Part in 28800 of the Whole. Whence it appears, that 
a Regard to the State of the Air is a Matter of more 
Curioſity than Importance, the Advantage being ſo very 
inconfiderable in either Caſe, 

(LXVII) 1. How great the Uſefulneſs and Impor- 
tance of Hydroſtatic Knowledge is to Phyſicians, Chemiſts, 
Apothecaries, | er Top Goldſmiths, &c. will appear by 
reading Mr, Boyle's excellent Medicina Hydreſtatica a o 

Wh 
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which Book the ſkilful Author propoſes the following 
Uſes to be made of Hydroſtatie Knowledge, vis. ', 

2. Firſt, To explore the Nature and Difference of 
Foſſils by finding their ſpecific Gravities. For ſince the 
moſt pure arid homogeneous Kind of Stones are in Gra- 
vity to Water as about 21 to 1; and Tin, the lighteſt 
of Metals, is to Water in Gravity as about 7 to T; if a 
ſtony Subſtance be found to have a greater — of 
Gravity than that of 24 to 1, it muſt be probable that it 
has in it ſome adventitious Matter of a metalline Nature, 
or is at leaſt commixed with ſome mineral Body more hea- 
vy than pure Stone, and may therefore very probably be 
uſefully applied to ſome medicinal Purpoſes, For In- 
ſtance of this Kind, he mentions Lapis Hæmutites or 
Blood-ſtoney Lapis Lazuli, the Load-ftone, and Lepis 
Calaminaris's all which have their Uſes in Phyſic; 

3. Setvnaly, He propoſes this Method as very certain 
to determine whether a Body, ſuppoſed to be a Stone of 
the mineral Kind, be ſo indeed. Thus Coral, which, 
ſays he, ſome take to be a Plant, and others a 'Litho- 
dendron, but moſt reekon it among precious Stones, is 
in Gravity to Water as 2,68 to 1, which favours the 
laſt Opinion,” Thus # Culculus humanus and a Bezoar 
were found as x,7 and 1, 5 to 1, and therefore too light 
to be of the ſame Species with common Stone. | 

4. A Third Uſe which he propoſes is to diſcover the 
Refemblance of Difference between Bodies of the ſame 
Denomination, and thereby to collect and aſcertain 
the ſeveral Degrees of Goodneſs reſpectively. Whence 
he argues the Neceflity of this Sort of Knowledge to 
Phyſicians, Chemiſts, Apothecaries, Druggiſts; to the 
Goldſmith, the Merchant, the Miner, 9955 | | 

5. A Fourth Uſe is to diſeern genuine Stones from 


counterfeit ones, which may be of great Help to Jewel- . 


lers. Here he gives Inſtances of factitious Coral and 
factitious Gems, and a Bezoar, which he found out 


that Way not to be genuine, though a great Price was 


ſet on the latter, 

6. Hence Mercury is found to have a different Gra- 
vity, being ſometimes but 132, and fometimes above 
14 Times heavier than Water ; and hence a notable 
Difference may ariſe in two Weather-glaſſes at the 

"WS ſame 
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ſame Time, and in the ſame Place, even to 4 Whole 
Inch, from the different Gravity of the Mercury in one 
andthe other. Therefore thoſe: who \publiſly Regiſters 
of the Weather ottght to find out and declare to the 
World the ſpeeifie Gravity of the eee ule 
in their Wonne + 5. 2c /+:4.c4d low ads I cAeCe 
7. Fheſe Uſes: he-enumerates over and above wha 
we have taken Notice of, of a Mechanical and Geome- 
trical Nature: And to jet us know the high Value he 
had for this Science, he thus expreſſes himſelf : 1 * Ay 
little Skill as I. have in Hydroſtatics, I, would not 
ce be debarred from the Uſe of them for a conſiderable 
« Sum of Money, it having already done me 
<« table.Service, and on far more Occaſions than 1 my- 
<« ſelf firſt expected, eſpecially in the Eaamen of Me- 
<« tals. and mineral Bodies, and of ſeveral, mineral Pro- 
e ductions. With much more to the ſame Purport. 
(LXVHI) 1. To render this Lecture on Hydreftatics 
more compleat, I ſhall here ſubjoin whit relates to the 
Reſiſtange of Mediums, or to the Motion of Bodies 


moving in a reſiſting Medium: and to determine rightly. 


in this Caſe, I ſhall conſider every particular Cireum- 


ſtance by itſelf, cæteris paribus, and then repreſent the 
W hole connected together. We ſhall ſuppoſe the Caſe 


of à Globe moving in a Fluid of an ene Dag * 4 


given Time. 


3. Firſt, Let the ſame Globe mave wich tin lame 


Velocity, firſt in a denſer Fluid, and afterwards in a 
rarer; then it is plain, the denſer the Fluid is, the 


more Particles the Globe will meet with, and ſtrike in 


a given Time; and therefore the greater will be the 


Re- action or Reſiſtance of the Fluid: Therefore in this 


Caſe the Reſiſtance of the two Fluids will be as their Den- 
ſites. 


3- In the next Place, ſuppoſe two different Globes, 


of the ſame Quantity of Matter, to move in the ſamo 
Fluid with the ſame Velocity. As theſe Globes move, 
it is evident the Number of Particles they meet and 
ſtrike, and therefore by which they are reſiſted, will be 
as their Surfaces, or rather as their Half-Surfaces ; ; and 
they arc as the Squares of their Diameters: Conſequently, 
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the Reſiſtance which theſe Globes meet with. will be as the 
Squares of ther Dimas .. lk ch 
4. Laitly, Let“ the ſame: Globe move in the ſame- 
Fluid with different Velacities. - Now it is eaſy to con- 
ceive, that if one Globe moves with a Velocity double: 
to that of the other, it will ſtrike twice the Number of; 
Particles in the. ſame, Time, and its Reſiſtance will be 
twice as great on that account. Again: The Globe which 
moves with a double Velocity will ſtrike each Particle 
with a Force twice as great as the other does with half 
the Velocity; the Re- action therefore of the Particles 
on the former will be twice as great as upon the latter. 
Therefore the Reſiſtance to the Globe moving with the 
double Velocity will be four Times as great: And ſince 
this will be the Cafe univerſally, the” Refffunce to 4 
moving Body is as the Square of its Veloci. 

5. Now putting all theſe Caſes t , the Reſiſt- 
ance to a Globe moving uniformly in an uniform Fluid 
will be in the compound Ratios of the Denſity of the 
Medium, the Square of the Diameter, and the Square 
of the Velocity, So that if A and B are two Globes, 
whoſe Diameters are C and d, and Velocities V and v, 
moving in Mediums whoſe Denſities are N anden; then 
will the Reſiſtance of the Globe A be to that of B, as. N, 
XD**xV*. $a #X4 Rv l e e 
6. In this Computation we have conſidered only that 
Reſiſtance which ariſes from the Re- action of Matter 
by its Vis Inertiæ : But there is ſome ſmall Reſiſtance, 
ariſing to Bodies moving in a Fluid from two other 
Cauſes, viz. one from the Friction of the Body againſt 
the Parts of the Fluid as it moves, the other from the 
Tenacity of the Particles of the Fluid, which ariſes 
from their Attraction of Coheſion, But both theſe are. 
very ſmall when compared with the other, and quite in- 
conſiderable to Bodies moving with any conſiderable 
dwiftneſs. The Reſiſtance peculiar to Air, ariſing 
from its Elaſticity, will be conſidered in another Place. 
7. In the above Caſes we have ſuppoſed the Bodies 
moving in the Fluid to be homogeneal, or of the ſame. 
Matter and Denſity ; but if they are heterogeneal, or 
of different Denſities, then will the Reſiſtance be fur- 
ther variable; for it will be inyerſely as the Denſities 
or 


* 
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or Quantities of Matter which the Bodies contain ; be. 
cauſe the greater the Quantity of Matter, the | 
will be the Momentum of the moving Body, and the le; 
the Reſiſtance of the Medium compared therewith, and 
ſo will be the more eaſily overcome by it. Hence, if 
the two Globes mentioned in Art. 3. have not equal 
Quantities of Matter, (as is there ſuppoſed) the Nc. 
ance will be as their Surfaces directly, and inverſely as 


the Quantities of Matter; that is, as. D* x Bites, 


— 5 3 Jy orasd to D. That is, the Refiflance a 
ta Globes, of unequal Diameters and Quantities of Maus- 
will be (cateris paribus) inverſely as their Diameters, 


8. Since a Body moving in a reſiſting l 
lo- 


every Moment have its Momentum or Quantity of 

8 (Q MV) abated or Sa by de Neale 
of the Fluid ; and ſince in a given Time this Loſs or De- 
crement of Motion is always as the Re- action, that is, 
as the Reſiſtance (R) of the Fluid: But the momentary 
Increaſe or Decreaſe of Motion is as its Fluxjon Qor 


VM. Wherefore the Reſiſtance of the Fluid for any 


equal Parts of Time will be R =Q= VM; or when 
the Maſs of Matter M is given, we have R EV. 


9. But when the Moments of Time are not given, 


that is, not equal, the Refiſtance R will as the Decre- 
ment of Motion Q directly, and the Moment or Fluxion 
of the Time (IT) inverſely ; for twice the Reſiſtance will 
deſtroy the ſame Quantity of the Motion in balf the 
Time, and three Times the Reſiſtance will deſtroy it in one 


Third of the Time. Therefore R = ( vw 9 

A 
conſequently, when the Maſs M is given, we have R 
= = ; that is, the Reſiſtance is directly as the Fluxion 


or momentaneous Decrement of the Velocity, and in- 
verſely as the Fluxion of the Time. 

10. We have before ſhewn, (Aunot. XXI. Art. 5.) 
that in uniform Motions the Velecity is as the Space di- 
4 | r eh, 
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mth, ond the Tims imuerſely, or V S 2.3 and becauſe 


in every Kind of Motion, whether in Vacus or in any 
Sort of reſiſting Medium, the momentaneous Velocity 
may be confider'd as equable or uniform, or pro- 
portional to the Space deſcribed each Moment of 
Time; and therefore V = = and fo V T. 


2 8, and TN and taking the Fluents, we ſhall 
have the Sum of all the Refangles VT =S the Space 
deſcribed, and the Sum of all the Quotients'=T = 
de ir | E 

11. Therefore if the Curve BP C be fo deſcribed 
that its Ordinates MP, mp, (perpendicular to the 
Axis AD) expound the Velocity V, and the Abſeiſſæ 
(from the fix'd Point A) AM, Am, the Time T; 
the Perpendicular A B being erected in the Point A, 
and meeting the Curve in B; the Area AB PM will 
expreſs the Space 8 deſcribed in the Time T. Let 
mp be infinitely near to MP, then will Mm=T; 
therefore the Fluxion of the Area ABP Mü will be the 
Areola MP pm VT =S. . 


12. In like Manner, if the Abſciſs AM expounds the 
Space deſcribed = 8, and the Ordinate MP be as 


the Velocity inverſely, that is, if MP be as = the 


Area ABPM will expound the Time T in which 
AM is deſcribed; for the Fluxion of the Time being 


T=>=8$X +=MmX MP, the Sum of all 


theſe Fluxionary Areolas MP pn will be the Area 
AB?M expreſſing the Time. 
13. Becauſe when the Maſs of Matter in the moving 


Body is given, we have R = * ( Art. g.); therefore 


RT =V, or the Fluxionary Decrement of Velocity is as 
the Reſiſtance and the Fluxion of the Time conjointly. But 
the Fluxionary Increment of the Space will be as the Veloct- 
ly and its Fluxionary Decrement direftly, and the Re- 
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RT = -V, and RS = - VX V. 
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and Tieverſcl) iht b, 8 = ber l bed 
a | ka & *: | ELA - ; F wh 4 = 4.4 9 7 = 
T =» and $ VI (Art. 10.) therefore 8 
X - Or 8 — . 


* 
4 
R —_ R 9 
R — — T- {4 © 


Co 


© 5 > ITS 


14. Hence R = — 4 or the Reſiſtance is as the 


Velicity and its Fluxiona Decrement direftly, and the 
Fluxion of the Space inverſely. Alſo RS Sπ V XV; 
that is, the Velocity multiplied by, its Fluxionary Decrement 
is as the Reſiſtance and Fluxionary Increment: af the Space 
conjointty. Becauſe the Velocity has been hitherto con- 
ſider'd as decreaſing, it ought to have the Fluxion * 
expreſs'd negatively in the oe PHI» that is, 


15, We have allo hitherto conſider'd he Reſiſtance 


R as comprehending all that retards the Motion of the 


Body in the Medium. But this retarding Power may 
ariſe from different Principles, as the Denſity of the 
Medium, or its particular Reſiſtance ; and alſo from a 
centripetal Force, as that of Kariag f Thus a Stone 
thrown upwards is retarded by the Reſiſtance of the 
Air, and Power of Gravity. Let the Centripetal Force 
be C, the Reſiſtance of the Medium R; then will R 
=C+R when theſe Forces conſpire, and R=C—R 
when they act contrarily. IP wt 

16. Thus in the Motion of an aſcending Body, 
where R=C4-R, we have RT = CT + RT=— 
V; andCS+RS=—VXV. But in the Deſcent 
of the Body, where the Centripetal Force C is greater 
than that of the Reſiſtance, we have CR; and then 
the above "T'hcorems will be CT RT V, and CS 
— RS = V XV ; for now the Velocity is increaſing, 
and its Fluxion poſitive. But if the Central Force be 
lets than the Reſiſtance, we have XC; then it will 
be RT CTS = V, and RS —CS=—V XV... 

17. If in theſe Theorems we ſuppoſe R=0o, they will 
he changed into others, by which the Motion of Bodies 


in non-refiſting Mediums may be determined, Thus 
for 
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for the Aſcent they will be CTS V, and C8 2 
V x V; and far the Deſcent C I = V, and CS = 
XV. And thus the Motion of a Body in a reſiſt- 
ing Medium may be compared with the Motions of 
the ſame Body in a non reſiſting Medium, or in Vacuo. 

18. If the Reſiſtance be equal to the central Force, 


F\ 
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that is, if R=C, then in deſcending Bodies we have 


CT—RT = V =9; conſequently, as the Fluxion of 
the Velocity is equal to Nothing, the Velocity can nei- 
ther increaſe nor decreaſe, but is in that Caſe uniform or 
equable. hot; tow nene 

19. Since, till this happens, the Velocity is continu- 
ally increaſing, (becauſe its Fluxion V is always as C — 
R for any given Time) therefore when C = R, or V 
=o, the Velocity of the deſcending Body is a Maxi- 
mum, or the greateſt poſſible : But this Velocity Bodies 
deſcending in a Fluid, though they conſtantly approach 
to it, will never attain; as will be ſeen in the Sequel 
hereof, 4: 4p 

20. In erder to eftimate the Velocity, the Time, 
and the Space deſcribed by Bodies falling in an uni- 
form Fluid, ſuch as Waters, whoſe Parts have no 
conſiderable Tenacity, and where the Retardation of 
the Body is the Effect only of the Reſiſtance it meets 
with from the Vis Inertiæ or Re- action of the Fluid; it 
will be neceſſary firſt to obſerve, that when any Body 
moves in a Fluid with a given Velocity, the Re- action 
of the Fluid upon the Body is the very ſame as its Action 
upon it would be, were the Body to be at Reſt in the 
Fluid moving againſt it with the ſame Velocity: Becauſe 
the Magnitude of the Stroke is always as the relative Ve- 
locity, which is here the ſame in both Caſes, (See Au- 
not. XXIII. 8.) ä 

21. Alſo that a circular Plane, a Cylinder, a Globe, 
a Spheroid, a Cone, Cc. whoſe Breadth is the 
ſame, and againſt which the Fluid moves in a per- 
pendicular Direction, are equally acted upon by the 
Fluid; or, if they move in the Fluid, are equally 
reſiſted by it. For let PQ be the Diameter of 
any of thoſe Bodies placed in a Canal EF T8, thro? 
which the Water flows from the large Veſſel! AB CD, 
into another below fill'd with ſtagnant Water, touching 

Y the 
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the Bottom of the former C D. Then ſince the Capa- 


city of the Canal is alike ſtraiten d or diminiſh'd by each 


of thoſe Bodies, it .is plain the Fluid flowing through 


it muſt ſuffer the ſame Retardation from all of them, 


and therefore mult act alike upon each; conſequently, 


were the Fluid at Reſt, and thoſe Bodies moving through | 


it, they would all be equally retarded. 
22. It muſt be farther obſerved, that all Reſiſtance 


ariſing from the Aſperity of the Surfaces of Bodies, is 


not here confider'd; alſo it is ſuppoſed, that the Fluid is 
contiguous, infinitely compreſs'd, and whoſe Parts have 
no Elaſticity, Tenacity, nor Friction; and then the 
Caſe will be very nearly the ſame with very deep Water. 
23. Now Sir Iſaac Newton has ſhewn, that if the 
Veſſel ABCD be indefinitely large or wide, the Velocity 
of the Fluid in the annular Space about the circular 
Plane P O will be equal to that which a Body acquires 
in falling through the Height G H; becauſe it would 
be fo, were the Plane PQ placed in the Orifice EF, 


the Motion of the Fluid _ the Canal being uni- 


form, 'and not accelerated by 
Water beneath. | 
24. He farther ſhews, that if this Plane were placed 
in the Orifice EF at the Bottom of the Veſſel, as ay, 95 
it would ſuſtain a Portion of the deſcending Fluid, or 
Catarat AEFB, like to that repreſe by pHy, 
which is leſs than two Thirds of a Cylinder of the ſame 
Baſe pg, and Altitude G H, but greater than one third 
Part thereof: And that therefore it is nearly an Atith- 
metical Mean between them, or equal to Half of the ſaid 
Cylinder, 

25. This is upon Suppoſition that the Plane p g is 


eaſon of the ſtagnant 


exceeding ſmall ; but if it be augmented till it becomes 


equal to the Hole EF, it will then ſuſtain the Weight 
of the perpendicular Column of Water over. it, that is, 
it will ſuſtain the Weight of a Cylinder of Water of 
the ſame Baſe and Altitude G H: And that therefore in 
all other Caſes the Weight which the Plane p g ſuſtains 
is to the Weight of a Cylinder of Water, whoſe Baſe 8 
equal to the Plane and Altitude £ G H, as EF to EF? 


1 


— {/ 2 


z Pq +» 
26. The Reſiſtance (R) therefore to the Plane p 
moving in the Orifice E F, and conſequently . — 
e 
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Plane P Q moving in the Canal, will be in all Di- 
menſions of the Canal and Plane compared with the 
Weight (W) of a Column of Water whoſe Baſe is e- 
qual to the Plane, and Altitude O H, as the Area of 
the tranſverſe Section of the Canal to the Exceſs of this 
Area above + the Area of the Plane; that is, R: W;: 


EF* ; EF -P. a 


27. Let now the Orifices of the Canal EF and ST be. 


cloſed up, and let the Plane PQ. aſcend in the Fluid 
compreſs d on every Side; and in its Aſcent let it o- 
blige the ſuperior Fluid to deſcend by the annular Space 
between it and the Canal; then will the Velocity (V) 
of the aſcending Plane be to the Velocity (v) of the de- 
ſcending Water, as EF*—PQ?® to PQ that is, V: v:: 
Pa! 7 : PQ®; whence V: VU: : EF! — 
PO: 2. . | 
I. But fince the Motion of the Water is contrary to 
that of the Plane, the relative Velocity, with which 
they act on each other, is the Sum of both, viz. as V 
+ v. (See Annot. XXIII.) Now let this relative 
Velocity be equal to that with which the Water before 
deſcended in the annular Space by the Plane PQ, at 
Reſt, (as in Art. 23.) viz. that which is acquired by 
falling through GH. Then will the Action of the 
Water upon the Plane be the ſame as before at Reſt, 
and conſequently we have here alſo R: W:: EE“: 
nga and V: (VA ug) v:: EF* — P: 
29. If now we ſuppoſe the Canal to be augmented 
in Width ad infinitum, P Q will then be infinitely ſmall 
in reſpect of EF; whence PO and P will vaniſh 


in the Terms of the above Ratios, which will then be- 


come equal; and ſo RW, and Vu. That is, the 
Reſiſtance of the Plane will now become equal to the Weight 
of linder of Water, whoſe Baſe is equal to that of the 


Plane, and Altitude x GH : Alſo, the Veltcity of the 


Plane is equal to that which ſuch a Cylinder would acquire 
by falling through the Height G H. 
30. Let A=Area of the Plane PQ, then will 2 GH 


X A = the Cylinder of Water, whoſe Weight W is 


equal to the Reſiſtance R of the Plane. But the Cylin- 


der GH X A, moving with the ſame Velocity V of 


the Plane, will have the ſame Reſiſtance. The Space 
| | through 
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through which it muſt deſcend) r Veloci⸗ 
to is twice its Length, viz. GH; and with that Veto. 
city, by an uniform Motion, it wpuld {paſs over 3 
8 ace equal to 2 GH = 4 Times its Length £ GH. 
herefore the arent of the Cylinder it equal to the 
Force (on Weight W) iy which (1n falling freely) u My» 
tion equal to that of the Cylinder may be generated, '( in 4. 
wiring the Velocity V) in the Time in 'which- the. ſaid 
linder will deſeribe a Space equal to four Times its Length, 
31. Then becapſe the Motion M of the Cylinder 
as its Length L, its Baſe A, its Denſity D, and its Ve. 
locity V, that is; M: LXANXD XV (fee Annot. LVII. 
8.) therefore when (as in this Caſe) the Quantities A, 
D, V, are given, we have M: L; and ſince the Time 
F (in which the Motion M is generated, or 4 L is de- 
ſcribed) is alſo as L, therefore both M and T will vary 


with L equally,” and conſequently will be proportional 


to each other. But the Force which generates Quan- 
tities of Motion proportional to the Time is in itſelf 
conſtant and immutable, and is therefore equal to the 


Reſiſtance of the Cylinder, which alſo remains unchang- 


ed under all Degrees of Motion. 


32. If the Denſity D of the Gylinder be variable fn 


. 


will the Quantity of Motion M be likewiſe, and alſo the 
Force W, by which an equal Quantity of Motion in 
the ſame Time may be generated or deſtroyed. There- 
fore, let 4 = : Denſity of. a: Cylinder of Water, 
D = Denſity of a OC flader: of Lead of ' the fame 
Baſe, wr Force which would generate the Motion of 
the Cylinder of Water in the Time it would deſeribe 
four Times its Length, and W the Force that would 
generate the Motion of the Cylinder of Lead in the 
ſame Time: Then d: D : u: W. But we have 
ſhewn w=R, the Reſiſtance of each Cylinder: Conſe- 
quently, R: W:: d: D, that is, the Refiflance. of 4 
Cylinder of Lead is te the Force which will generate its 
whole Motion while it deſcribes four Times its Length, as 
the Denſity of Mater to the Denſity of Lead. 


33. Hence, fince the Reſiſtance of a Globe and Cy- 


linder moving in a Fluid is the ſame, and ſince a G 

is 3 of its circumſcribing Cylinder, the Force which 

will generate -or deſtroy the whole Motion of the Cy- 

linder while it moves over 4 Times its Length, will ge- 

nerate or deſtroy the whole Motion of the ar” 
N W 
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e bf 4 Feet atquires that vc 

XV. 6.) whence GH=4; and 
2 Peet, the Length lr Column of Wat 

Gl: Baſs deity Indes ia Diameter will weigh abou 
b b. and is equal "to'the Refiſtats of the Globe. 

35. Hene& alſo" it is eaſy to find the Helght 2 
which if the Globe falls in Vnews' it ſhall a 
Velocity which ſhalt be the 'preateſt it can poffibly 
quire by deſcending in _ luid by the Forte ts 
relative Wight. + h Height will be to ? Part, tte 
ny os b. N e Globe to the Dinfi of the 
Flui 93G 

36, For, . R = Reſiſtance; = - Denſity of iis 
Globe, #==that of the Fluid and F Pofcl ig) 
will generate the Motion of the Globe in the Time it 
moves over & D, where Drache Diameter of —_— 
then we have R: Pt; 4 : D (in Am. 33.) when 


DR 


＋ Now let 28 = Space which the Globe 2 


uniformly i in the Time of the Fall, and with te Valo- 
city acquired thereby. Then will 2 8. L 
(per Art. 32.) : : 813 D. But T-and t, the Times 
in which uniform Spaces, are deſcribed, are as thoſe. 
Spaces, viz. T: f: 
2 ſince in the Fines T and t equal Quantities of 
Motion are produced, viz; the whole Motion of the 
Globe ; for F produces that Motion in the Time t, an 
in the Time Pit is produced by the Force or Relative 
Weight of the Globe, which call P. Then, ſince the 


greater the Time is, the leſs will be the Force acting 


uniformly to produce a given Effet, we have F: P: 


5 
19. hence F! P:: D: d; F- 0 


whence P R, that i is, the Reſiſtance being equal to the 


Weight of the Body, it can be no longer accelerated; 
Vo, I, Y 


=p 


3D; r t:: D: d. 
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7974 j3rains in Water, it wo 
alling i Jacus deſcribe 95,219 Inches. For the 8 


XXVII. 2, 3.) 
39. But the 


95,219, in the ſubduplicate Ratio of thoſe Spaces; that 
is, T: 1: V, 2128: 95,219, wherefore T = 
4 755279 I 5244 =the Time. in which the Globe 
by deſcending in Vatuo acquires the greateſt Velocity v 
with which it can deſcend in the Water. 


40. In the next Place, to find the Velocity and the 
Space deſcribed in the Fluid in the whole Time of the 
Fall (F) Sir ſac has this Method; let the Number N 


be found for the Logarithm o, 4342944829 ＋ then is 
the Velocity of the Globe at the End of the Fall = 
— X V. Again, let L be the Logarithm of the 


Number 8 ; then will the Space deſcribed be . — 


138629 
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13862984, 60517 LS. Theſe Velocities and Spaces 
deſcribed are calculated and diſpoſed into a Table by 
our Author for any Number of Seconds to 10 T. The 
Demonſtration of the above Rules is too long and intri- 
cate for this Place, but may be ſeen in the Comment 
on the Principia by Le Seur and Facquier. This Table 
will be inſerted at the End of this Note. 3 
41. By this Table you ſee how ſoon Bodies acquire 
their greateſt Velocity in deſcending in Water; ſor 
Inſtance, in 5 T = 0",76=46"", the Globe has acquired 
a Velocity which is to the greateſt as 99990920- to 
100000000. And in 10T=1” :. 30” the Velocity of 
the Globe is to the greateſt Velocity as 999999994. to 
100000000. Which Difference is inſenſible to the moſt 
critical Eye; and from thence (having fallen througtii 
37 Inches) it deſcends with an uniform Velocity to 
Appearance, though it really for ever increaſes. 
42. If the Time of Deſcent in the Water be leſs than 
10 T, the Diſtance deſcended 4s ſhewn by the third 
Column; but if it be greater, as in the preſent Expe- 4 


Aa. AG. e ti te Sr a 


So on WW ED UP wo 


rimeht it is 4”, then ſay, as T: 25: : 4”: R=1 16,1245 


Inches, becauſe Spaces deſcribed with an uniform Ve- 
locity are as the Times. This uniform Space muſt be 
diminiſhed by ſubſtracting the conſtant Number 1, 38629 
S. Therefore 116,1245 — 1,38629 8 = 113, 0569 
Inches, which the Globe ſhould deſcribe in the Water 
in 4“ by the Theory. p 
e 43. But in the Experiment it deſeribed only 112 In- 
7 ches, which Difference of 1 Inch in 112 is inconſiderable, 
and would have given no Diſturbance to any but Sir 
, Iſaac Newton. But he being as nice in Practice as 
: Kilful in — attempted another Set of Experiments 
i in a deeper Veſſel, viz. of 15,3 Feet or 183,6 Inches. 
5 


I ſhall here give the Reader a View of the Event of his 
_ Experiments in both Veſſels in the following 
able. 
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wm dhe Veſſel 112 luches d. 

N III. 1 
7 I EO lof Times e „ 8 in 72 
I DD 188  Exptriments., * 
| * 8 . ö "Pies * 
Grains. Grains 

| 7655 + 

21 121 1 5 4 | | 
| h In the Veſſel 183 Inches deep. _ 0 1 
3] 239E þ 74 | 1 
4 mk 4 4 | 251 2 eie ay} 
T's] 212 794 |. 5 15 [153/16 17 18 16 | 
EE 1 445 0 . „ 2 | 
71.139 114 WP P21 

'8] 2731 We 7 34 12 1242 13 113 
9384 1924 177 18 18419 5s | 
10} 48 4 1 3144 15 46 21 
111141 43.| 31 63-164 165 | 1 7 


the two firſt, And the imall Differences from the 
Fheory, Sir Iſaac very eaſily accounts for from the oſ- 
cillatory Motion with which thoſe which deſcended moſt 
ſlowly were found to move, as in the 5th, 8th, and gth 
Experiments, But in thoſe. which deſcended more 
ſwiftly, the Times very nearly correſpond with the 
Theory, Theſe Experiments were made in Water; 
others were made in Air, to ſhew that the Phænomena 
agree with the Theory in an elaſtic and rate Medium, 
as well as in a non-elaſtic and denſe. one, 

45. In order to this the Denſity of Air to that of Rain 
Water is aſſumed as 1 to 860 ;' and 5 Globes formed of 
Hog's Bladders, blown in a wooden Mould, While 
— and taken out when dry, were let fall from the 

ome of St. Paul's to the Pavement, from the Height 
of 272 Feet, and the Time meaſured by Half Second 


Pendulums; the Event of all the five Globes is ſhewn 


in the following Table. I ſhall here ſubjoin a Calcu- 
lation for one of them, wiz. the 3d, as follows. 
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46. The Diameter of this Globe was 5, 32 D, and 
it weigh'd 137,5 in Air. A Globe of Air of the ſame 
Diameter weighs 2 eninds very nearly ; therefore 

W s, the Weight of the Globe in 
— refore, 2 23 160,5: 1. D ad 
98,626. bing as 160,5 137,5 : 193} 165,648 
inches the Bladder would fail in the Air in one Se- 
cond. But with the ſame relative Weight 1974, it. 
will in Vacus deſcend thro the Space S=49,313 in the 
Time 0',5456=T, and acquire the greateſt Velocity 
with which it can deſcend in Air. The Time of the 
Fall was a8F”, in which with that Velocity the Globe 
would deſcribe 278 Feet 8 Inches by an uniform Mo- 
tion; for % 5456: 98, a6 Inches : ; 181“: 278% Feet. 

„ſubduct 1,3863 8 = 57 Feet, and there remains 

273 ect, t h in 1. Table, hy à more accurate 

Calculation, it is but 292 Feet, 7 Inches, 1 by the 
Ein it was 272 Feet. 

7. The following Table ſhews, in the firſt Co- 


lumn, the Weight of each Globe or Bladder ; the ſe- 


cond its Diameter; the third the Time in which they 
ſeverally deſcended through the Height of 272 Feet; 
the fourth ſhews the Spaces they ſhould have eſcended 
through by the Theory; abd the laſt Column ſhews 
the Difference between the 1 77 and Experiments. 


{he Meigbi Diameter Ti 
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| Difhrence. 1 


r Feet. Inch. 
| 128 [5.28 o-—-1n 
| 156 | gay { .* 0 — of 

1377 } 5.3 apy 
974 65 26 j | 524 
55% ww... 04 de 


Wo 


48. According to this Theory, having found the Re- 
ſiſtance which ee meets with in deſcending in any 
reſiſting Medium, to'its greateſt Velocity, it is 
eaſy then to find Ek ance 2 any leſſer Velocity 
propoſed ; becauſe the Reſiſtance for any given Veloci- 
ties, will be as the Squares of thoſe Y eloanties, 
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49. The Globe has been hitherto ſuppoſed: to begin 
its Motion in the reſiſting Medium from a State of Ref; 
but we may ſyppoſe it alſo projected into ſuch a Medi- 


um, or to enter it with a certain Degree of Motion or 


Velocity; and in this Caſe we may determine the- Ve. 
locity, the Reſiſtance, and the Space deſcribed in the 


Medium, from any given Time by 9 the Den- 


Pl. XVI. 
Fig. 7. 


ſity of the Globe and Medium, and the Velocity with 
which it enters it; as alſo what Part of its Motion the 
Globe ſhall have loſt in that Time. 

50. But in order to this, we muſt take to our Aﬀſt. 
ance the Hyperbola. Therefore let AB = Time in which 
the Globe would loſe its whole Motion by the Reſiſt- 


ance it meets with (upon entering the Fluid,) if uni- 


formly continued. In the Points A and B erect the 
Perpendiculars AD and BC; and let B C repreſent the 
Motion or Velocity, and alſo the Reſiſtance of the 
Globe at its Entrance into the Fluid; thro* the Point 
C, let the Hyperbola be deſcribed to the A ſymptotes 
AD and AB continued to any Point E; in E ered the 
Perpendicular EF meeting the Hyperbola in F; com- 
pleat the Parallelogram C BE G; and draw AF cut- 
ting BC in H. s | 

51. Then if the Globe in any Time BE deſcribes in 
Vacus the Space repreſented by the Parallelogram BCGE 
by its firſt Velocity BC uniformly continued, it will in 
a reſiſting Medium deſcribe the hyperbolic Space or Are? 
BCFE; and its Motion or Velocity at the End of the 
Time BE will be repreſented by'the Ordinate EF, and 
the Part loſt by FG. Laſtly, its Reſiſtance at the 


End of that Time will be BH, and the Part loſt HC, 


52. For BC“: EE“ :: BC: e = the Reſiſtance 
at the End of the Time BE, as BC is that at the Be- 
ginning. And from the Nature of the Hyperbola, BC 
EF: : AE: AB; and by fimilar Triangles AE: 
AB:: EF: BH; wherefore HB = EE, we ke 
ſiſtance at the End of the Time BE. | 

52. Hence if the Globe in any Time T loſes its 
whole Motion M by the Reſiſtance R uniformly > 

| tinued; 


1 
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tinued ; the ſame Globe ſhall i in a. reſiſting Medium, by 
the Reſiftagee R decreaſing in the duplicate Ratio of the 


Velocity, in the Time # dee he Pan T of is 


T 
whole, Motion M; and then M = = will 


be the Part of the Motion-remaining * let m — the 
reſidual Motion, then T: f:: AB : BE (by Ai. 50, 
51. ) _ hence Tf: T: AE A B; and moreover 


CB; FE: AE - An Tos: ＋ 2. 


L - 


wy . 10 


: M: n; conſequently m = 


54. Lanz the Space (89 3 in the Tefitiog 
Medium in the Time t will he Space 1 de- 
ſcribed by the uniform Motion A, as the Logarithm 


of the Number == X 2, 302585 to * For let AB 


=& BC=3, BE gx, and AE=a+x, and L=Loga- 
rithm, Then (per Conios) the Area BCEF = ab 


=, and the Rectangle BCGE = bx whence s 


28: 223 x L A 9 dividing ee 
is 5 O- IA. 4 

e en 

Expreſſion L __ as it here ſtands, is an n 


cal Logarithm, which is to the common tabular Lo- 
garithm as 2, 302585 to 1. Conſequently the tabular 


L = X 2,302585=Logarithm ſought. 


haves:2S:: 


55. be Spaces, Times, and Velocities of Bodies 


moving either by their Vis infita alone, or conjointly 
with an accelerating Force, as Grayity; in reſiſting 
Mediums of various Denſity and Ratio of Reſiſtance, 
may be analytically inveſtigated as follows. Let the initial 
Velocity, or that with which it begins its Motion in 


the Fluid be V, the Time t, the Space deſcribed: s, and 


the Velocity at "the End of the Time v, the Denſity of 
1 & "tho 
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ſtant Quantity, . . alue of which, fupp ſes= 
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71. KEE 

| 571 The Time t is found by the Formula i in +. 10, 


where we had f =» but becauſe when 4 is given, Ver 


5 = aour—* (Art, 55.) therefore = £ = 2 22 


RAY}. Whence taking the Fluents we. har) 18 
D .— 
þ 259 

fore Q=zanV i= ; conſequently ſubſtituting for Qi its 


SN 
Value, we haye f = = — Hence, if n =2, 


9 , 
"yu. 2 324 1. 


; and putting te, WE have v=V, where: 


OV —a*v 122 


58. We had above f = abe; 
Fluents on both Sides, we have 5s = 


and taking -the 


— 4 — 


2— by 
an V.... 

— ; Let 2 -= n; then eV 

un; hence Vn ebe. therefore v = 


I 


/ 


— mg Which Theorem therefore | gives the 
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Velocity when the Space s is known, 
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Tl 


HYNDIZeSsTAT ICS. 


$9- In theſe "Theorems we fee the 
the former Methods, of determining ch 2 


Thus the Space by, Theorem in 4. $6. i is ge 1 


2,302585 L E (in Art. 54.) = BOP E, the 
Hyperbolic Space i in the Figure. Whence, i in a Caſe,” 
1 2303305 X 1D. 2 

60. To determine the Space: which the Globe ſhall 


have paſſed by its Vis inſiua when it has loſt half its Ve- 
Jocity 5 Motion, that is, when i * 


have L= or the Logarithm af ; = 0,301030, which 


multiplied by 2,302 585 gives 0,6931 ; and this again 
multiplied by $ D=2,0 B, gives 1,84832 D=s, = 


is not quite 2 Diameters. 


61. The Time ? being always as a* X EEE, or (cb 


7 
cauſe a* is conſtant) as 2 therefore when IV, 
Vo | 


we have W =? 7 t, which ſhews the Time i in 


which the Globe loſes half i its Motion is half the whole 
Time; that is, BEZAB (in the Figure) the Time in 


which by an uniſorm Velocity B C it wauld deſcribe : 
Parts of its Diameter. 


62. If the Medium be ſimilar, or of an uniform Den- 
ſity, where d=1 ; and if the Reſiſtance be in the ſimple 
Ratio of the Vn then z ; and by the * heo- 


f 6 
"4 3. If in the foregoing Equations the Velocity u, 


then = _— when n is leſs than 2. But when g 
2—1 f 


821 4 = Infinite ; if n be greater than 2, then 


2 == = ——— = Infinite, That 


V xb y—=2X0 


185 


Ld 


339 


HY DRAOSTATIcS. 


is, there is but one Caſe in which me Globe moving in 
the Fluid can Ioſe its Velocity, or come to a State ef 
Reſt in deſcribing a finite Space, and conſequently in a 
finite Time, viz. ' when is leſs than 2. Tho all other 
Caſes the Motion will never be totally deſtroyed. And 
when = 1, then, though the Space be finite, "viz, 
s = aV, yet the Time of deſcribing it will be infinite, 


”- 


viz. t=a L — = Infinite, We. 


0 a ' ; 125 ' + 
64. After a like Manner we may raiſe Theorems for 
the Spaces, Limes, and Velocities of a Body deſcend. 
ing by the Force of Gravity in any reſiſting Medium, 
For ſuppoſe the Medium of an uniform Denſity,” and 
the Reſiſtance in any multiplied Ratio of the Velocity, 


as r= then for a AY Body we have (by 
Art. 16.) c5 — 15 Zu, and therefore c ; . 
. 


U V - 
-i — 


v vz Whence 5s = 


65. Alſo becauſe (by Art. 10.) f = = therefore we 


nave 7 = — h And in like Manner the The- 
* i a i X —- 
orems for aſcending Bodies are 5 = r- and 


. n 
— T | 
66. If the Reſiſtance be as the Velocity, then n=1; 


UV 


and in the deſcending Body 5 = 


= — ＋ 


c— 
9 ; the Fluents of which ares = Q —v — c L. 


C — 
c u, but ſince when 5 = vit is v = V, therefore then 


Q=V+cL. c—V; and fo s=V — v+cL 


Kc — 


"gory "gg Alſo the Time is had from the Equation f = 
oye of which the Fluents are f = Q—L 720 


=L 


- WU s Roo = DO ry os 
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Hy Dos TATICs. 


2 Io 1 for aſcending Bodies 5 — — 


7. p- and 1 2 

67. 17 the Reſiſtance be as the Square of the Velo- 
city, then » = 2, and r = 2 Let Y = the greateſt 
Velocity the Body can acquire b y [deſcending in the 


Fluid, and beeauſe then the Reſiſtance is equal to its 


Gravi y of Force of its Weight (by Art. 36.) we have 
e= =) „ (for i in that Caſe v = V,) whence rc = N. 


Let "FE = Space deſcribed. in Vacuo to acquire the Velo- 
city V; then becauſe (by Art. 17.) in * Caſe 8 = 


WV, therefore S FVP, and fo 2c Nase | 


conſequently a=28, 
68. Therefore ſince (Art. 64.) 5 = e = 


ac - v* 


— and putting VV —vv'=xx, and taking the 
Fluxions vv = — xx, and therefore 5 = — : — 


— and taking the Fluents, S Q—281L. 


N >=Q—$SL./* —v*, Wherefore 
when o, we == v=V, the initial Velocity, then 


Q= SL. VV —Y*. And conſequently 5 = SL, 


5 — 2 
at. V® 14 
69. Let L. S&T 3 then L. 5 = SL. 42 8 
JV 
L 5 = L h . STE 5 therefore 52 go ==» 
whence we get v* WES * a Wherefore 


the Velocity v is from thence eaſily found, 


- 


4 
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Hy DROSTATICS. 


a” — — 


: 0 The . t is obtain d by. " r 


£ — taking the Fluents we have t = r 7. Fw 
7 2 C+ ve ; and pot t=4, 


48d be S V. we thall nd Q=—pl-p=p * 


4 V+ V X Hy 

1 at length we have ? = 5¹ F- V oh 
» II, Tf = Bod deſcends i in the Fluid from a State 
of Reſt, a V=0; and ſo the Space 1281. 


Ry the Time : 7e A — ; and the Velocity 


N W Set ö 
CE 3 7 et 09 
v8 —. And in like Manner are found 
| 5 
8 
the Equations for the Spaces, Times, and Velocities 
of Bodies aſcending in a reſiſting Medium, which are 


the ſame with theſe AY only the Signs of V and v 


changed. 


72. Thug 1 have given a-Specimen of che ſeveinl 
Ways that have been uſed to repreſent and compute the 


Motion of Bodies moving in reſiſting Mediums of any 


Denſity, and according to any Law of Reſiſtance, 
The 1 theorems i in the b Articles expreſs moſt of 


the ole in Prep. Bo III, VI, VIII, XI, of Sir 


Tſaac Newton's ſecond Book of Principia ; 1 could have 
inſerted many more, but have already extended this 
Note to a great Length; and fhall refer the Reader to 
the admirable Commentary on our Author by Meſſrs. 
Le Seur and Facquier, from whence I have collected 
moſt of theſe — 

3. I ſhall conclude with inſerting the Table re- 


fer d to in the foregoing Computations, which is as 


; follc lows. 
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BOOKS printed for T. CARNAN and F. New. 
BERY, junior, at Ne. 65, in St. PauPs'Church-yard, 
London. 8 PPA 

1E M Principles of Geography a Navieatin s 

N in two * Part 1. mo the — 

of the true Figure and Dimenſions of the Earth, de- 

duced from actual Menſuration, and applied to a juſt: 
nſtruction of Maps and Charts for Land and Sea 

Uſe. The whole exemplified in a new geographical 

Chart for Europe, and a large Sea Chart to ſeventy 

Degrees of Latitude; both which are adapted to the 

ſpheroidical Figure of the Earth, and the Degrees of 

each are divided into Minutes, with a Solution of alt 
the Caſes of Sailing on this new Elliptic Chart. 

Part 2. containing a Table of Meridional Parts, caleu- 

lated for the Spheroid, to every Minute of Latitude, 

from the Meaſure of a Degree at the Equator. By 

Don George Juan, and Don Antoine de Ulloa, with 

a Solution of the ſeveral Caſes of Sailing by it. Alfo 

new aſtronomical Principles of Navigation, and an im- 

roved mechanical "Theory of Working a Ship, with a 

Table of the Sun's ' Declination, and Place in the 

Eeliptic. By Benjamin Martin. Price 10s, 6d. half 

bound. 1 | 

Lingua Britannica upp. or a new Univerſal 

Englith Dictionar „ under the following Titles, viz. 
r. Univerſal ; ning a Definition, and Expli- 

cation of all the Words now uſed in the Engliſh 

Tongue, in every Art, Science, Faculty or Trade. 
2. Etymological; Exhibiting and explaining the 

true Etymon or Original of Words, from their reſpec- 

tive Mother Tongues, the Latin, Greek, Hebrew and 

Saxon ; and their Idioms, the French, Italian, Spaniſh, 

German, Dutch, &c. | 
3. Orthographical ; Directing the true Pronuncia- 

tion of Words, by ſingle and double Accents; and by 

indicating the Number of Syllables in Words where 
they are doubtful, by a numerical Figure. 
5. Diacritical; Enumerating the various re 


* 


tions of Words in a proper Order, viz. Etymological, 


Common, Figurative, Poetical, Humorous, Tech- 

nical, &c. in a Manner not before attempted. 
6. Philological; Explaining all the Words and 
Terms, according to the modern Improvements in the 
; Various 


 BOOKS-printed ſor Cannancant-Newnay, 


various Philological Sciences, vis, Grammar, Rhetoric, 
Logic, Metaphyſics, Mythology, Theelegy, Ethics, &c. 
7. Mathematical à not only explaining all the Words 
in Arithmetic, Algebra, Logarishms,) Fluxions, Geo- 
metry, Conics, Dialling, Navigation, &. according 
to the modern Newtonian Matheſis; but the Terms 
of Art are illuſtrated by proper Pxathyples, and Copper 
Plate Figure. re 
8. Philoſophical ;. explaining all Words and Terms 
in Aſtronomy, Geography, Optics, Hydroſtaties, A- 
couſtics, Mechanics, Perſpective, &. according to 
the lateſt Diſcoveries and — 2 in this Part of 
Literature. By Benjamin Martin. Price bound 6s, | 
The Hiſtory of Aſftronomy,. with" its © Application. ta 
G RF: 22 and Chronology b mol exem- 
lifed by the Globes.” By. George Coſtard, M. A. 
Vicar of Twickenham in Middleſex. In one Volume, 
Quarto. Price 108. 6d, bound in the Vellum Manner. 
Chronological Tables of Univerſal ' Hiflory, Sacred 
and Profane, Eccleſraftical and Civil, from the Crea- 
tion of the World to: the Year 1743. With a Prelimi- 
nary Diſcourſe on the ſhort Method of Studying Hiſ- 
tory; and a Catalogue of Books neceſſary for that 
Purpoſe; with ſome Remarks on them. By Abbe 
Lenglet Dufreſnoy. In two Parts. Tranſlated from 
the Laſt French Edition, and .continued down to the 
Death of King George the Second. Price bound 128. 


New and accurate Syſtem of. Natural Hiſtory, 
containing, 1. The Hiſtory of Quadrupedes, including 
amphibious Animals, Frogs and Lizards, with their 
Properties and Uſes in Medicine. 2. The Hiſtory of 
Birds, with the Method of bringing up thoſe of the 
lnging Kind. 3. The Hiſtory of F iſhes and Serpents, 
including Sen- Turtles, Cruſtaceous and Shell Fiſhes ; 
with their medicinal Uſes. 4. The Hiſtory of Inſects, 
with their Properties and Uſes in Medicine. 5. The 
Hiſtory of Waters, Earths, Stones, Foſſils, and Mi- 
nerals; with their Virtues, Properties, and medicinal 
Uſes: To which is added, the Method in which Lin- 
næus has treated theſe Subjects. 6. The Hiſtory of 
Vegetables, as well foreign as indigenous, including 
an Account of the Roots, Barks, Woods, Leaves, 
Flowers, Fruits, Seeds, Reſins, Gums, and concreted 

Juices 3 
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BOORS printed for Canwan and Nrw Ikt v. 
rices'; as alt theit Properties; Virtues, and Uſes in 
cine; with the Method of cuftivath 
thoſe plurite® in Gardens, ' By" RI Brookes, M. P. 
Author of the General Practice ef Phyſic, In Six 
Volumes; Price boutid't I. 12s. 


The Elements of Hiraldry; containing a clear De- 
ſcription and conciſe hiſtorical Account of that ancient, 
uſeful, and entertaining Science. Re 
The Origin, Antiquity, and divets Kinds of Coats 
of Arms, with their eſſential and integral Parts conſi- 
dered feparately, The ſeveral Sorts of Eſcutcheons, 
Tinctures, Charges and Ornaments uſed for Coats of 
Arms. The Marks whereby Bearers of the ſame Coats 
of Arms are diſtinguiſhed from each other. Charges 
formed of Ordinaries, Celeſtial Figures, Animals, Birds, 
Fifhes, Vegetables, Artificial and Chimerical Figites. 
The Laws of Heraldry ; practical Directions for Mat- 
fhalling Coats of Arms, and the Order of Precedency. 
Embdlliſhed with ſeveral fine Cuts, and 24 Copper 
Plates, containing above 500 different Examples of Ef- 
cutcheons, Arms, &c. and interſperſed with the Na- 
tural Hiſtory, and allegorical Signification of the ſevera} 
Species of Birds; Beaſts, Fiſhes, &c. comprehended in 
this Treatiſe, To which is annexed a Dictionary 
of the Technical Terms made Uſe of in Heraldry, By 
Mark Anthohy Porny, French Maſter at Eton College, 
Price bound 6s. - | 


Intereſt improved; Shewing from a ſmall Table, by 
2 New, Ealy, and Conciſe Method, 1. Rules for 
finding the Number of Days froni one Month to an- 
other, &c. in all the different Caſes, - 2. The Intereſt 
for any Sum, Rate and Number of Days; likewiſe its 
Uſe in Diſcompt; alſo what any annual Sum is per 
Day, and daily Sum per Annum, &c. 3. A new 
Method of obtaining the Parts expreſſing Money; In- 
tereſt for Vears; with the Solution of ſeveral new Queſ- 
tions in Stocks, Brokerage, &c. 4. A Supplement, 
giving the Conſtruction of the Table; where, by one 
eaſy Proceſs only, the ſame is performed by the Pen. 
Making the whole uſeful, for all Academies, Schools, 
Merchants, Brokers, Clerks, and Accomptants. By 
Charles Brent, Price bound 2 s. 
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